! 


755A-8  direct  rodiotor.  8  watts, 
70-13,000  cycles. 


756A  — 10  "  direct  rodiotor.  20  watts, 
65-10,000  cycles. 


Here’s  the  loudspeaker  line  that 
rocketed  to  stardom! 

TN  just  a  few  months  after  deliveries  started,  the  Western  Electric  line  of 
X  high-quality,  wide  range  speakers  has  won  a  position  of  undisputed 
leadership  wherever  the  uhimate  in  sound  reproduction  is  desired. 

All  of  these  speakers  comhine,  to  a  unique  degree,  unmatched  realism 
in  reproduction  with  exceptionally  small  space  requirements  and  ease 
of  installation.  With  their  range  of  power  capacities,  you  can  select  just 
the  speaker  you  want  for  every  sound  radiation  requirement. 

Have  you  ordered  some?  Call  your  local  Graybar  Broadcast  RepresenU- 
tive,  or  write  Graybar  Electric  Co.,  420  Lexington  Ave.,  New  York  17,N.  Y« 


THESE  ARE  AMONG  THE  BROADUST  STATIONS  THAT  ARE  USING 
THE  NEW  WESTERN  ELECTRIC  LOUDSPEAKERS 


728B  —  12  "direct radiator  30  watts, 
60-10,000  cycles. 
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754  TYPE  — 12  high-efficiency 
direct  radiators.  60-10,000  cycles;  IS 
wotts  indoor  service,  50  wotts  outdoor. 


^57A— duol  unit  system.  30  wotts, 
60-15,000  cycles. 
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OISrilRUTORS:  IN  THE  U  S.  A.  -  Graybar  _ 
El.ctric  Company,  in  Canada  and  new 
fOUNLlANO — Northern  Electric  Co.,  Ltd. 
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MOW!  HieH-VOLTAGE 
HI  TEMP'  SEALOTITE' 
TELEVISION  TUBUIAIS 


Dependable,  yet  moderately  priced 
high-voltage  molded  paper  capacitors 
for  television  receivers  are  the  latest 
capacitor  development  to  be  intro¬ 
duced  by  Solar. 

These  new  capacitors,  latest  addi¬ 
tion  to  the  famous  Solar  "Sealdtite” 
series,  are  impregnated  with  mineral 
oil  and  molded  in  Hi -Temp  plastic 
compound  for  service  at  ambient  tem¬ 
peratures  Hp  to  100°C. 

Identified  as  Solar  Type  STM,  high- 
voltage  Hi -Temp  Sealdtites  are  avail¬ 
able  in  standard  voltage  rating  of 
from  2000  to  6000  volts. 

The  use  of  moisture-proof  molded 
housings  makes  possible  a  surprising 
reduction  in  capacitor  size  over  con¬ 
ventional  cardboard  type  design.  The 
maximum  capacitances  available  in 
the  X  2  Vi"  mold  size,  for  example, 
are  as  follows;  .035  mf  @  2000  wvdc; 
.03  mf  @  2500  wvdc;  .02  mf  @  3000 
wvdc;  .015  @  3500  wvdc;  .01  mfc  @ 
4000  wvdc;  .005  @  4500  wvdc,  5000 
wvdc  and  6000  wvdc. 

Complete  listings  of  standard  rat¬ 
ings  and  sizes  are  given  in  Solar  Cata¬ 
log  Bulletin  SPD-200.  Write  for  your 
copy  today. 

Solar  Manufacturing  Corporation 

1445  Hudson  Blvd.,  North  Bergen,  N.  J. 


BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


Biggest  Customer  for  many 
RMA  member-companies  in  1947 
was  Uncle  Sam.  Here’s  the  way 
communications  equipment  sales 
(exclusive  of  home  receivers) 
broke  down,  most  of  the  volume 
covering  transmitters  and  asso¬ 
ciated  apparatus: 


U.S.  Government .  148,548,676 

Broadcast  Stations .  25.868,781 

General  Users .  9,6.11,332 

Aviation  .  3,591,633 

Marine .  292,389 


Uncle  was  first  by  a  wide 
margin  on  electronic  navigation 
equipment,  including  radar  and 
sonar: 


U.S.  Government  .  381,320,455 

Aviation  .  2,823,571 

Marine  .  769,743 


And  Uncle  bought  $4,601,257 
worth  of  our  laboratory  and  test 
equipment. 

Movie  People,  now  very  con- 
I  scious  of  the  competition  presented 
by  home  television,  are  out  of  the 
talking  and  into  the  doing  stage.  ^ 
Paramount  recently  relayed  a  spot 
news  event  into  a  New  York  pic¬ 
ture  palace,  transferred  it  to  a 
film  and  ran  the  film  thirty  sec¬ 
onds  later.  The  audience,  not  told 
about  the  stunt  at  the  box  office, 
took  the  program  for  granted. 

Watch  for  more  of  this  sort  of 
thing,  without  benefit  of  coopera¬ 
tion  from  broadcast  stations. 

Multiple-Screen  Tele,  an  idea 
broached  some  time  ago  in  this 
column  (p  68,  March),  appears  to 
be  taking  hold.  Commercial  instal¬ 
lations  involving  one  set  and 
several  remotely-operated  cathode- 
ray  tubes  have  been  made  in  tav¬ 
erns  in  the  New  York  area.  Adap¬ 
tation  of  the  scheme  to  home  sets 
appears  certain  to  follow. 

Indoor  Tele  Antennas  are  badly 
needed,  thought  many  dealers  at¬ 
tending  Televiser's  recent  show  at 
the  Hotel  New  Yorker.  It  seems 
that  thousands  of  apartment-house 
:  families  are  number-one  prospects 
I  for  sets  but,  for  various  reasons, 
see  little  chance  that  they  can  be 
connected  to  outdoor  or  master  an¬ 
tenna  systems  for  years  to  come. 

Things  that  the  public  want  have 


a  habit  of  coming  true,  despite 
technical  difficulties.  One  possible 
solution  of  the  indoor  tele  antenna 
problem  involves  a  compact  di¬ 
rective  array  positioned  to  catch 
signals  on  the  second  or  third 
bounce  off  building  walls,  in  con- 
jflnction  with  a  preamplifier.  Any 
other  ideas  floating  around  out 
there  ? 

Major  Impression  gained  at  a 
recent  meeting  in  Philadelphia  at¬ 
tended  by  tube  manufacturers  and 
designers  of  industrial  electronic 
equipment  is  that  it  is  silly  to  put 
a  $1  tube  in  a  $1,000  control  at¬ 
tached  to  a  $10,000  machine  unless 
the  tube  is  completely  suited  to  the 
application. 

Makers  of  controls,  it  seems,  are 
willing  and  anxious  to  spend  more 
for  tubes  that  have  predictable 
life,  particularly  if  they  can  be 
sure  such  tubes  will  be  available 
on  a  long-term  basis. 

Miniature  Tubes  are  in  such  de¬ 
mand  that  occasional  shortages 
are  anticipated.  At  least  one  man¬ 
ufacturer  is  urging  equipment  de¬ 
signers  to  play  safe  by  (1)  using 
types  available  from  three  or  more 
suppliers,  (2)  planning  chassis 
layouts  readily  convertible  to  oc- 
tals  and,  (3)  arranging  to  use 
miniatures  having  either  of  two 
base  layouts. 

Prediction  by  one  tube  maker  is 
that  by  1950  miniatures  will  rep¬ 
resent  60  percent  of  receiving-type 
production,  metal  20  percent  and 
conventional  glass  20  percent. 

We  Hear  That  Sperry  Gyroscope 
has  just  received  a  contract  from 
the  U.  S.  Coast  Guard  for  20  loran 
sets.  Some  40  sets  were  bought 
back  in  June  of  last  year.  Several 
aid  weather  ships  to  keep  on  their 
stations. 

Just  About  Everything  is  used 
in  the  field  of  electronics.  The 
other  day  we  saw  a  camera  set  up 
to  take  pictures  of  oscilloscope 
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The  R-F  amplifier  was  specifically  designed  for  the  KSBR 
application  by  Eimac  engineers.  It  is  driven  by  an  REL  modu¬ 
lator  delivering  2  watts  output  at  156.7-Mc.  to  one  Eimac 
4X1 50A  in  a  tripler  stage,  which  in  turn  drives  a  single 
4X1  50A  in  a  doubler  stage,  providing  15  watts  useful  output 
at  940.5-Mc. 


The  Eimac  4X1  50A  is  ideally  suited  for  this  application  be¬ 
cause  of  its  high  power  gain  at  relatively  low  plate  voltages, 
ability  as  a  frequency  multiplier  without  loss  of  amplification, 
low  grid  drive  requirements,  and  a  high  ratio  of  transconduc¬ 
tance  to  capacitance.  It  also  has  the  advantage  of  being  phys¬ 
ically  small  and  functionally  designed  for  simple  installation. 


Complete  data  on  the  Eimac'4X150A  for  STL  and  other  UHF 
applications  is  available  by  writing  direct. 


EITEUMcCULLOUGH,  INC. 

197  San  Mateo  Avenue,  San  Bruno,  California 


EXPORT  AGENTS:  Fr«i«r  t  301  Clay  $t.— San  FranclKO,  Calif. 


Eimac  4X1 50A 
General  Ckaracteristict 

Heater  voltage  -  6.0  volts 

Heater  current  2.8  amps. 

Minimum  heating  time  30  secs. 

Grid  Screen  amplification  factor  ....  4.5 
Direct  interelectrode  capacitance  (Average) 
Grid-Plate  -  -  0.02  Muf 

Input . 14.1  pijf 

Output . 4.7  Mpf 
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Maximum  Ratings 
D-C  Plate  voltage  .  -  -  -  . 
D-C  Plate  current  -  -  .  .  . 
Plate  dissipation  ...... 

D-C  Screen  voltage  .... 


1000  volts 
250  me. 
150  watts 
300  volts 


WATTS  AT  9  4  0  .  5  - Me. 
h  the  flMAC  4X150A  TETRODES 


with 


KSBR 

STL  Transmitter 


FREQUENCY  UP  6X,  (156.75-Mc.  to  940.5-Mc.) 
POWER  UP  7X  (2  watts  to  1 5  watts) 


4X1 50A 


Here  s  a  STL  transmitter  that  s  in  operation  on  the  new 
950-Mc.  band,  fulfilling  all  the  FCC  requirements  and  flow¬ 
ered  by  Eimac  4X1  50A  tetrodes.  It's  a  part  of  the  studio- 
transmitter-link  between  the  San  Bruno  studios  and  the  250 
Kw  FM  transmitter  of  station  KSBR  high  atop  3849-foot  Mt. 
Diablo  some  33  miles  away. 


ESSENTIAL  DATA 
KSBR  STL  TRANSMIHER 


REL  MODULATOR,  MODEL  694 
EIMAC  4X1 50A,  R-F  AMPLIFIER 


Useful  Oufpuf  Power  .......|5  waffs 

Frequency  ..........  940.5  Me. 

Frequency  Sfabilify  ........  .002% 

Audio  Frequency  Response. 

Subsfanfially  flaf  •  -  •  •  50  fo  15,000  cycles 
Disforfion  ...........  .5%  Mai. 

Noise  Level  .  70  db  below  100%  modulafion 
-  -  .  -  .  .  -  .  -  1 100  Kc.  deviaflon 
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^HATHAWAY 

for  EVERY  purpose 


I  General  Purpose.  12  to 

g  24  elements,  for  lcdx>ratory  or  field 
use.  quick-change  transmission  for 
wide  range  of  record  speeds,  auto¬ 
matic  titling  and  numbering,  auto¬ 
matic  record-length  control,  tuning 
fork  time  marker,  galvanometer 
attenuators,  governor  motor. 

(BulUtin  SP165) 

S8^  General  Purpose,  24  to  36 
'elements,  otherwise  same  as  type  S8-B. 

(Bulletin  SPieS) 

^  S8-D  General  Purpose,  12  to  24  ele- 

&  ments,  similar  to  type  S8-B  except  without 
if-'  automatic  controls.  (Bulletin  SP17S) 

I  S12A  Small  Portable.  Gen- 

eral  Purpose,  the  smallest  com- 
^  plete  12-element  oscillograph. 

'i  (Bulletin  SP167) 

S6'A  Geophysical,  12  elements. 

S6-B  Geophysical,  24  elements. 

SI  4’A  Student's  Oscillograph, 
r  6  to  12  elements,  ultra-simple,  low 
E  in  cost.  (Bulletin  SP183) 

S15A  Portable  Self-Powered,  6  ele- 

ments,  for  use  where  very  small  size  is 
essential  and  power  is  not  available. 

^  (Bulletin  SP193) 

i  SC16-A  Cathode  Ray.  6  elements, 

^  very  high  frequency  response  and  writing 
^  speed,  record  speed  to  6000  inches  per 
Si  ;  second.  (Bulletin  SP194) 

I  RS9A  Automatic  Oscillograph,  12 

■5-  elements,  for  switchboard  or  portable  use, 
^  for  automatic  recording  of  faults  or  staged 
system  testing,  high-speed  starting, 
p'  (Bulletin  SP196) 

R  WHATEVER  YOUR  REQUIREMENTS  MAY 
g  BE  THERE  IS  A 

^  HATHAWAY  OSCILLOGRAPH  FOR  YOU 

B  WRITE  FOR 
^TECHNICAL  BULLETIN 


INSTRUMENT  COMPANY 

ISIS  SO.  CLARKSON  STREET  •  DENVER  ID  COIORADCL 


traces,  and  the  darn  thing  was 
held  i^  position  by  Erector-set 
parts. 


Receiver  Sales  by  RCA  licensees 
during  1947  totalled  20,174,370 
units,  worth  $702,798,118.  Here’s 


the  way  the  total  broke 

down: 

TYPE 

UNITS 

DOLLARS 

Electric 

Table  (under 

$12.50  billing 

price)  . 

2,206,472 

$23,331,200 

"ftible  (over 

$12.50  billing 

price) 

A-M . 

7,873,879 

150,553,298 

A-M/F-M _ 

201,366 

10,702,645 

F-M  (including 

converters) . 

72,654 

1,840,705 

Consoles 

A-M . 

132,804 

13,581,187 

A-M/P-M _ 

42,898 

5,412,652 

Table-Radio- 

Phonos 

A-M  . 

1,302,491 

63,554,888 

A-M/P-M  _ 

3,581 

619,549 

Console-Radio- 

Phonos 

A-M . 

953.356 

96,566,151 

A-M/P-M _ 

765,780 

123,570,950 

Battery 

PortableA-C/D-C 

2,427,613 

54,565,628 

Table  . 

513,536 

10,866,683 

Consoles  . 

4,014 

599,014 

Auto . 

2,862,466 

87,120,288 

Television 

Radio  Table 

Models  . 

103,673 

22,528,406 

Radio  Consoles 

Direct  viewing 

18,551 

6,420,776 

Projection  . . . 

10,795 

6,175,514 

Radio  Phonos 

Direct  viewing 

17,400 

7,724,026 

Projection  . . . 

372 

613,521 

Phonographs 

Phono  only  .... 

467,605 

10,083,767 

with  radio 

attachment  . . 

74,271 

2,100,013 

Without  Cabinets 

A-M . 

101,810 

2,577,098 

A-M/F-M . 

17,436 

1,725,391 

Television . 

47 

14,588 

TOTAL, . 

20,174,370 

$702,798,118 

Panel  Instruments  having  270- 
degree  scales  were  developed  dur¬ 
ing  the  war  to  simplify  the  reading 
of  necessarily  compact  types.  Now 
we  note  with  interest  that  the  idea 
is  coming  into  more  widespread 
use  in  power  instruments  both 
large  and  small.  It  seems  to  us 
that  spreading  out  of  scales  is  par¬ 
ticularly  important  in  the  field  of 
electronics,  and  that  the  idea  mer¬ 
its  extension  to  our  kind  of  ap¬ 
paratus. 

Radar  Rat  Trap  promoted  by  an 
outfit  up  in  Rochester  intrigues  us 
no  end.  If  we  were  a  betting  man 
we’d  offer  two  to  one  that  while 
the  thing  may  catch  rodents  it 
doesn’t  detect  their'  presence  by 
reflected  radio  waves. 

Philco  Sales  in  1947  broke  down 
as  follows:  refrigerators,  freez¬ 
ers  and  air  conditioners  32  per¬ 
cent;  radio-phonographs  and  tele- 
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vision  receivers  30  percent;  radio 
sets  24  percent;  tubes,  parts,  dry 
batteries,  accessories  and  miscel¬ 
laneous  products  9  percent;  gov¬ 
ernment  and  industrial  business 
5  percent. 

Stromberg-CarUon'a  1947  sales 
were  split  three  ways :  radio  65  per¬ 
cent;  telephone  31  percent;  sound 
4  percent. 

Allen  B.  DuMont  manufacturing 
division  sales  in  1947 :  television  re¬ 
ceivers  $7,774,000 ;  cathode-ray 
tubes  $1,846,000;  cathode-ray  oscil¬ 
loscopes  $1,702,000  and  television 
transmitters  $517,000. 


Vernier  Dial  designed  by  one  of 
our  readers  (p  68,  April)  appears 
to  interest  quite  a  few  manufac¬ 
turers  looking  for  new  things  to 
make,  and  we  have  forwarded 
their  inquiries  to  the  designer. 
Anyone  else  out  there  we  can  help 
in  a  similar  manner? 


Magnet  Wire  produced  in  1947 
totalled  300  million  pounds,  ac¬ 
cording  to  the  best  estimates  we 
have  been  able  to  obtain.  About 
one  third  of  this  wire  went  into 
electronic  apparatus. 


Best  Argument  cathode-ray  tube 
makers  have  for  limitation  of  the 
number  of  television  types  is  the 
cost  reduction  that  can  be  ob¬ 
tained  by  mass  production.  Many 
students  of  the  current  trend  to¬ 
ward  lower-priced  sets  believe 
that  savings  that  might  be 
achieved  by  variations  in  tube  de¬ 
sign  at  this  time  are  minor  by 
comparison. 


CO/l-S 


It's  a  far  cry  from  smoke  signals  to  elec¬ 
tronic  communications.  And  at  the  heart 
of  electronics  lies  the  coil.  We  wind  coils 
of  great  variety  for  many  uses  and  our 
30  years  of  experience  is  at  your  service. 
Send  us  your  specifications.  We 
shall  be  glad  to  quote.  f 


Highest  Priced  item  ever  offered 
by  GE  for  use  in  the  home  is  a  new 
a-m  and  f-m  phono-radio  and  tele¬ 
vision  set  listing  at  $2,100. 


Government  Specs  cover  over 
4,000  tube  types. 


Norm  Krim  of  Raytheon  says  it 
costs  at  least  $50,000  to  develop  a 
really  new  tube. 


Mew  To  Us  IS  an  expression 
heard  the  other  day  in  a  labora¬ 
tory.  We  arrived  in  the  middle'of 
an  obvious  flurry  of  excitement. 
Questioned  regarding  the  cause, 
one  of  the  engineers  replied,  quite 
casually,  that  he  thought  it  was 
just  a  “routine  emergency." 


COTQ-COIL  CO.,  INC 

COIL  SPECIALISTS  SINCE  1917 
65  Pavilion  Ave.,  Providence  5,  R.  I 
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The  proved  long  shelf  life 
of  Mallory  Capaeitors  is 
a  plus  value  to  the  man 
responsible  for  Inventory 


When  you  buy  capacitors  it’s  a  relief  to  know  that,  should  your  production 
program  change,  the  stock  on  hand  may  be  held  without  becoming  useless 
through  deterioration.  Mallory  Capacitors  have  proved  on  many  occasions 
that  they  can  take  long  periods  of  storage  without  loss  of  efficiency. 

We  recently  tested  capacitors  for  several  customers*  who  had  shelved  them 
for  up  to  six  years.  All  proved  ready  to  use  without  re-aging.  None  took  more 
than  seven  minutes  to  reach  the  leakage  limit  of  new  units.  All  character¬ 
istics  were  within  the  limits  of  new-unit  inspection. 

Such  quality  is  added  protection  for  the  man  who  specifies  Mallory  Capacitors. 
Such  quality  is  invariably  built  into  Mallory  Approved  Precision  Products. 

*Names  on  requett. 


Yours  for  the  asking! 

Everything  you  want  to  know 
about  Mallory  electrolytic 
capacitors  —  types,  sizes,  elec¬ 
trical  characteristics  —  even 
data  on  test  measurements 
and  mounting  hardware  ! 


BUY  MALLORY  ASSURED  QUALITY  AT  REGULAR  PRICE  LEVELS 


IMLLUK  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 
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►  INTERCARRIER  .  .  .  One  of  the  tempests  raging 
in  the  television  field  is  that  around  the  intercarrier 
method  of  receiving  the  sound.  In  this  system  (see 
Electronics,  Jan.  1947,  p  102),  the  picture  and  sound 
carriers  are  amplified  together  in  the  picture  i-f 
amplifier,  developing  a  4.5-mc  beat  frequency  (the 
separation  of  picture  and  sound  carriers)  at  the 
picture  tube  grid.  This  beat  note  is  frequency  modu¬ 
lated  by  virtue  of  the  f-m  on  the  sound  carrier  and 
hence  may  be  passed  through  a  limiter,  frequency 
detector  and  audio  amplifier  to  the  loudspeaker.  At 
first  this  idea  sounded  attractive  principally  on  the 
grounds  of  economy,  since  no  sound  i-f  amplifier  is 
needed.  Soon  the  economy  idea  was  replaced  by 
recognition  of  advantages  relating  to  the  shortcom¬ 
ings  of  the  local .  oscillator  in  a  standard  receiver. 
The  intercarrier  system  is  highly  tolerant  of  drift, 
microphonics  and  hum  modulation  in  the  local  oscil¬ 
lator,  since  these  affect  the  carriers  in  the  same 
degree  and  hence  do  not  disturb  the  4.5-mc  beat  note. 
An  intercarrier  receiver  would,  in  fact,  require  no 
fine  tuning  control. 

Then  a  manufacturer  was  so  brash  as  to  bring 
out  an  inexpensive  video  receiver  using  the  inter- 
carrier  system.  Brash,  because  mutterings  had  been 
heard  from  the  first  that  the  system  would  fail  if  the 
picture  carrier  was  frequency  modulated  to  any 
extent  by  the  picture  waveform.  Then  a  low  pitched 
(60-cps)  rattle  which  could  not  be  separated  from 
the  sound  modulation  would  appear  at  the  loud¬ 
speaker.  To  be  sure,  interference  of  this  type  was 
soon  discovered,  particularly  when  the  picture  modu¬ 
lation  was  heavy,  but  the  effect  was  not  pronounced 
and  certainly  was  tolerable  in  an  inexpensive 
receiver.  At  least  so  it  seemed  on  the  low-band 
stations  then  on  the  air. 

So  the  inexpensive  sets  continued  to  sell,  and  the 
mutterings  of  the  transmitter  manufacturers  con¬ 
tinued  to  be  heard,  and  action  to  recommend  to  the 
FCC  standards  which  would  safeguard  against  ex¬ 
cessively  heavy  picture  modulation  continued  to  be 
deferred.  Then  a  station  on  channel  13  opened  up 
in  the  New  York  area.  This  channel,  on  219-216  me, 
was  expected  to  give  the  most  trouble  from  unavoid¬ 


able  frequency-modulation  of  the  picture  carrier. 
But  when  listening  tests  were  carried  out,  the  inter¬ 
carrier  sets  seemed  to  do  as  well,  or  nearly,  as  on  the 
low  band  stations.  The  conventional  receivers,  for 
the  most  part,  gave  considerably  inferior  perform¬ 
ance,  due  to  hum  modulation,  microphonics  and  drift 
of  the  local  oscillator,  in  the  order  named. 

Thus  often  is  confidence  misplaced.  The  trans¬ 
mitter  men  had  done  better  than  they  thought;  the 
receiver  men  had  done  worse.  The  argument  is  not 
over  yet.  But  the  inexpensive  receivers  continue  to 
sell  and  the  recommended  standard  continues  to  be 
deferred.  Our  guess  is  that  when  enough  of  the 
intercarrier  receivers  are  sold,  the  transmitter 
designers  will  have  to  lick  incidental  frequency- 
modulation  of  the  picture  or  lose  customers,  and  the 
broadcasters  will  have  to  monitor  modulation  or  lose 
a  good  part  of  their  audience.  We  don’t  argue  for 
such  de  facto  engineering,  based  on  sales  figures, 
but  we  recognize  its  power. 

►  DECISION  .  .  .  Since  we  commented  in  February 
on  the  care  with  which  marine  radar  must  be  used 
as  an  anti-collision  device,  a  Canadian  court  has 
ruled,  in  another  case,  that  the  use  of  radar  does  not 
free  the  master  of  a  vessel  from  the  established  rule 
of  the  sea,  namely  that  he  must  operate  at  such  speed 
as  to  be  able  to  stop  within  a  distance  not  greater 
than  one-half  the  range  of  visibility.  Visibility  here 
means  the  distance  the  lookout  can  see  with  human, 
not  radar,  vision.  If  this  decision  establishes  a 
precedent  in  admiralty  law,  the  utility  of  radar  in 
the  marine  field  will  be  sharply  restricted.  No  cap¬ 
tain  would  dare  run  through  fog  at  high  speed  with 
radar  guidance  if  by  so  doing  he  placed  himself  and 
his  owners  in  the  position  of  being  legally  respon¬ 
sible  for  any  collision  which  might  occur,  regardless 
of  other  circumstances.  Before  the  courts  can  be 
expected  to  take  a  more  liberal  view,  an  impressive 
record  of  safe  operation  of  radar-equipped  vessels 
must  be  amassed.  That  drives  the  point  home:  radar 
is  a  safety  aid  only  when  it  is  properly  installed, 
adequately  maintained  and  intelligently  used. 


Loudap«ok«rs  aboT*  th«  (dsl*  of  this  Portlcmd.  Oregon  trolley  bus  proeide  music 

for  riders 


Fixed-tuned  f-m  broadcast  receieer  for 
bus  radio  serrice 


Car-Card  Radio 


equipped  to  pick  up  weaker  signals 
at  greater  distance  on  a  receiver 
that  can  be  tuned  from  one  fre¬ 
quency  to  another  as  the  train  pro¬ 
gresses  from  one  service  area  to 
another  along  its  route.  There  is 
then  nothing  to  insure  that  the  re¬ 
ceiver  is  tuned  to  the  program  de¬ 
sired  by  the  sponsor  of  the  service. 
Length  of  time  that  a  given  station 
will  be  heard  satisfactorily  depends 
not  only  upon  transmitted  power 
from  the  antenna  but  also  upon 
such  diverse  factors  as  speed  of 
the  train  and  terrain  between  the 
transmitter  and  the  moving  re¬ 
ceiver. 

Planes  are  a  special  and  more 
difficult  problem. 


rHE  BANNS  have  been  pro-  the  system  are  simple.  The  f-m 
claimed  for  an  interesting  station  enters  into  an  agreement 
ur-way  marriage  of  transporta-  with  the  local  transit  company  that 
»n,  f-m  radio  broadcasting,  the  provides  exclusive  rights  for  the 
ling  public,  and  advertising,  broadcaster  to  install  receiving 
oponents  of  the  scheme  claim  equipment  in  the  vehicles.  The 
at  all  the  participants  gain.  radio  station  pays  a  monthly  fee  to 

the  transit  company  for  each  radio- 
The  Basic  Idea  equipped  vehicle,  in  the  manner  of 

Predicated  upon  the  fundamental  recompense  for  car  card  advertis- 
emise  that  riders  of  a  transpor-  ing.  Another  contract  is  made  be- 
tion  system  are  captive  during  tween  the  broadcaster  and  the  or- 
e  period  of  their  travel,  the  ad-  ganizing  agency  that  provides  for 
rtiser  can  be  assured  of  a  meas-  purchase  of  receiving  units  and  all 
ed  number  of  listeners  to  his  accessories  (currently  selling  for 

les  talk  for  any  given  day  and  about  $141)  and  the  appointment 

ne  of  day.  In  return,  the  rider  of  the  agency  as  exclusive  adver¬ 
ts  free  music  and  news.  Bus  tising  representative, 

stems  feeling  the  pinch  of  in-  Taking  the  narrow  view  (the 
eased  operating  costs  will  wel-  small  city  bus  line)  the  suggested 
me  any  device  that  supplements  system  of  transportation  radio 
venue  from  the  sometimes  pro-  looks  simple;  but  ad  men  thinking 
cative  but  as  yet  unvocal  “car  in  terms  of  the  broad  golden  field 

rds”.  And  the  station  that  keys  are  already  causing  engineers  some 

i  programs  to  the  new  advertis-  worry.  For  example,  interest  has 

g  medium  can  be  expected  to  already  been  shown  by  certain  rail- 

ap  some  additional  revenue  at  a  roads. 

me  when  f-m  broadcasting  needs  While  the  bus  can  get  along  with 

a  normally  sensitive,  single-channel 
The  broad  contractual  aspects  of  receiver,  the  railroad  car  must  be 


Programming  Problems 

Transportation  authorities  are 
already  discussing  contracts  that 
insure  a  minimum  amount  of 
advertising  material,  both  as  to 
length  and  frequency.  Programs 
can’t  be  all  boogie-woogie  or  all 
Shostakovitch.  The  idea  of  a 
sports  broadcast  is  enough  to  make 
any  transportation  executive's  hair 
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Table  1 — Announcement  and  Time  Rates  for  400  Receivers 


Announcements 


CUm  a  (23,000  riders) 
7-9  am 

1 

Time 

$20.00 

13 

Times 

26 

Times 

$19.00 

52 

Times 

$18.00 

104  • 
Times 

$17.00 

■  260 
Times 

$16.00 

500 

Times 

$15.00 

1,000 

Times 

$14.00 

4-6.30  pm 

Clan  B  (8,200  riders) 
fr-7  am 

10.00 

9.50 

9.00 

8.50 

8.00 

7.50 

7.00 

9  am-4  pm 

Clan  C  (4,400  riders) 
6.30  pm-midnight 

6.00 

5.70 

5.40 

5.10 

4.80 

4.50 

4.20 

12-12  Sunday 

Time  Rates 

6.30  pm-midnight 

1  hour 

40.00 

38.00 

36.00 

34.00 

32.00 

30.00 

1/2  hour 

24.00 

22.80 

21.60 

20.40 

19.20 

18.00 

1/4  hour 

15.00 

14.25 

13.50 

12.75 

12.00 

11.25 

Radio  programs  keyed  to  a  captive  listening  audience  in 
buses,  trolleys,  and  trains  constitute  a  new  advertising 
medium  and  source  of  revenue  for  the  f-m  broadcaster 


curl.  What  if  the  bell  rings  at  greater  potential  audience  would 
the  count  of  nine  just  as  the  bus  knock  the  whole  business  flat  on  its 
pulls  into  the  terminal!  At  the  face. 

same  time,  the  radio  station  can  Because  there  are  inherently  few 
not  afford  to  key  its  entire  pro-  technical  problems  that  can  not 
duction  into  a  transportation  re-  some  how  be  overcome  by  compe- 
ceiving  system.  There  is,  of  course,  tent  engineers,  the  greatest  poten- 
the  possibility  of  turning  bus  re-  tial  impediment  to  adoption  of 
ceivers  on  or  off  with  an  ultrasonic  car-card  radio  would  seem  to  be  the 
tone.  Broadcasters  turn  pale  when  rider  himself.  Judging  from  the 
the  riders’  radio  scheme  is  com-  surveys  that  have  so  far  been  pub- 
pared  to  the  Muzak  system  of  music  licized,  the  public  can  be  expected 
supplied  by  wire  to  restaurants  and  to  lap  it  up.  Better  than  95  percent 
other  public  places  where  music  is  of  those  queried  have  indicated 
designed,  as  are  the  murals  or  the  that  recently  broadcast  test  pro¬ 
drapes,  as  a  backdrop  for  more  im-  grams  of  music  and  news  were  not 
portant  activity.  The  system  is  no  only  acceptable  but  enjoyable.  Of 
source  of  revenue  if  the  riders'  con-  2,626  interviews  completed  among 
sciousness  is  not  pricked.  And  the  the  riders  on  five  different  lines  in 
Federal  Communications  Commis-  or  near  Cincinnati  between  the 
sion  would  undoubtedly  view  with  hours  of  9  am  and  6  pm,  2,514 
disfavor  a  broadcasting  system  us-  indicated  enjoyment,  84  did  not  en- 
^  ing  conventional  f-m  frequencies  to  joy  the  program,  and  28  main- 
concentrate  a  narrow  type  of  pro-  tained  a  neutral  attitude, 
gram  material  in  the  manner'  Although  the  idea  of  car-card 
of  point-to-point  communication,  radio  is  spreading  rapidly  and 
Quite  aside  from  the  strictly  legal  negotiations  are  in  progress  in  a 
aspects,  the  broadcasters  realize  number  of  cities,  the  only  firm 
that  concentration  on .  transporta-  rates  available  at  the  time  of  this 
tion  radio  to  the  exclusion  of  the  writing  were  furnished  by  Louis  E. 
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Schaefer  of  Transit  Radio,  Inc.  for 
WCTS-FM,  Cincinnati,  Ohio.  This' 
station  operates  on  101.9  me  (Chan¬ 
nel  270)  with  an  effective  output 
power  of  12.6  kw.  Under  a  con¬ 
tract  with  Transit  Radio,  Inc., 
there  are  to  be  400  single-frequency 
f-m  receivers  placed  on  vehicles  of 
the  Cincinnati  Street  Railway  Co., 
the  Covington,  Cincinnati  and  New¬ 
port  Railway  Co.,  and  the  Dixie 
Traction  Co.  The  audience  is  esti¬ 
mated  at  380,000  riders  per  day. 
Guaranteed  average  circulation  has 
been  divided  into  three  classes,  the 
rates  for  which  are  shown  in  Table 
I.  Announcements  must  not  exceed 
35  words.  Three-minute  news 
periods  and  sports  summaries  in 
which  the  total  commercial  time 
must  not  exceed  50  words  is 
charged  for  at  the  announcement 
rate  plus  50  percent.  Weather  re¬ 
ports  and  time  signals  are  handled 
at  special  rates.  The  time  rates 
for  programs  in  excess  of  3  minutes 
are  covered  only  in  the  second  Class 
C  category. 

Equipment  • 

Under  the  normal  conditions  so 
far  encountered,  adequate  signal 
has  been  obtained  using  a  dipole 
antenna  mounted  horizontally 
above  the  front  windshield  (so  as 
not  to  interfere  with  conveyor-type 
bus  cleaning  operations).  A  50-ohm 
line  connects  the  antenna  to  the 
receiver  installed  under  one  of  the 
passenger  seats. 

The  receiver  itself  is  a  crystal- 
controlled,  fixed-tuned  superhetero¬ 
dyne  with  eleven  miniature  tubes. 
Frequency  response  is  within  ±  2 
db  from  50  to  10,000  cycles,  with  an 
audio  output  of  8  watts.  Ordinarily 
six  6-inch  permanent  magnet 
speakers  mounted  along  the  ceiling 
of  each  bus  are  adequate.  Two 
volume  controls  are  provided;  one 
a  master  that  is  locked  into  place 
at  the  time  of  installation ;  the 
other  a  vernier  control  for  adjust¬ 
ment  over  a  6-db  range.  Power  is 
supplied  from  a  dynamotor  operat¬ 
ing  from  the  vehicle’s  battery.  At 
12  volts  input  the  drain  is  less  than 
8  amperes.  The  receiver  is  shock 
mounted  and  any  component 
weighing  over  5  grams  is  tightly 
fastened  to  a  terminal  board  so  as 
to  avoid  breakage  from  vibration 
or  jarring. — A.  A.  McK. 
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Engineering 
the  Schematic  Diagram 

Step-by-8tep  procedure  for  preparing  intricate  diagrams  so  •that  major  circuitry  stands 
out  clearly,  with  stages  arranged  according  to  mechanical  groupings  of  equipment  yet 
still  in  logical  order.  Diagrams  for  APS-3  radar  serve  as  examples 


By  JAMES  M.  HENRY’^ 

Radiotelephone  Engineer 
New  England  Telephone  and  Telegraph  Co. 
Boston,  Mass. 

and 

MILLETT  6.  MORGAN* 

Assistant  Dean,  Thayer  School  of 
Engineering,  Dartmouth  College 
Hanover,  New  Hampshire 

The  ideal  schematic  diagram 
should  present  the  features  of 
a  circuit  in  a  form  which  is  suitable 
for  ready  analysis  in  the  fashion 
of  the  flow-of -function  outline,  ex¬ 
emplified  by  the  organization  chart, 
the  production-line  flow,  the  chemi¬ 
cal-process  diagram  and  other  sys¬ 
tematized  arrays  of  information. 

Diagramming  with  lines  which 
show  only  circuit  components  and 
their  interconnecting  copper  wires, 
without  a  scheme,  produces  an  im¬ 
penetrable  labyrinth  when  extended 
without  refinement  to  modern  com¬ 
plex  electronic  equipment.  The 
scheme  is  the  essence,  and  effective 
schematic  diagrams  should  display 
clearly : 

(1)  A  readily  discernible  pattern 
or.  general  framework  of  the  sys¬ 
tem  that  stands  out  boldly  from  a 
background  of  accurate  but  sub¬ 
ordinate  detail. 

(2)  The  sequence  of  events  or 
operations,  such  that  cause  is 
plainly  related  to  effect,  and  the  di¬ 
rections  of  flow  of  power,  signals, 
impulses  and  functions. 

(3)  The  relative  importance  of 
components  or  units. 

(4)  The  roles  that  individual 

•  Formerly  with  MassachuKetts  Institute 
of  Technology  Naval  Radar  School. 


components  play  in  circuit  opera¬ 
tion. 

(5)  Certain  broad  mechanical 
features  of  grouping  of  construc¬ 
tion. 

(6)  The  physical  points  of  ready 
access  to  the  circuits  where  tests 
may  be  applied,  measurements 
made,  or  results  obtained. 

(7)  The  controls  as  to  name, 
physical  position,  how  the  adjust¬ 
ment  is  made  mechanically,  how  the 
controls  are  related  to  other  con¬ 
trols  and  to  the  influences  they 
exert. 

(8)  Copious  annotations,  includ¬ 
ing  electrical  values  of  components. 

Careful  planning  of  a  clear,  rich 
schematic  calls  for  the  expenditure 
of  time,  thought,  and  ingenuity  to 
achieve  clarity  and  smoothness.  It 
must  be  sketched  again  and  again, 
rearranged  and  sketched  over.  A 
good  schematic  cannot  be  drawn 
casually.  It  must  be  done  by  one 


FOR  SIMPLIFIED  MAINTENANCE 

Increasing  ingenuity  in  developing 
electronic  devices  today  demands  that 
a  correspondingly  high  order  of  skill 
be  devoted  to  lucid  recording  of  their 
circuitry. 

The  techniques  described  here  for 
enhancing  the  clarity  and  value  of 
intricate  schematic  diagrams  were 
successfully  used  during  the  War 
throughout  the  Massachusetts  Insti¬ 
tute  of  Technology  Naval  Radar 
School. 

Extra  time  spent  in  planning  and 
execution  of  diagrams  for  commerciol 
radar,  communication  and  industrial 
electronic  control  equipment  will  more 
than  pay  for  itself  in  simplification 
and  speedup  of  maintenance  and 
servicing 


who  knows  thoroughly  the  opera¬ 
tion  and  purposes  of  the  equipment. 

The  Block  Diagram 

The  positions  on  the  paper  of  all 
parts  of  the  drawing  should  con¬ 
form  to  a  general  framework  or 
plan  which  shows  the  flow  of  func¬ 
tion.  This  bare  framework  is  called 
a  block  diagram.  It  should  first  be 
sketched  out  in  as  ideally  simple 
and  straightforward  a  manner  as 
possible.  The  flow  begins  with  the 
primary  motivation  of  the  equip¬ 
ment,  generally  at  the  left  of  the 
sheet.  As  the  activating  impulse  or 
signal  is  carried  through  successive 
operations,  such  as  amplification, 
reshaping,  phasing,  and  the  like, 
heavy  black  flow  lines  should  be 
drawn  toward  the  right,  passing 
through  these  operators  or  modi¬ 
fiers  sketched  in  as  unit-function 
blocks  without  regard  to  their 
physical  locations  in  the  equipment. 

By  unit-function  block  is  meant 
a  whole  circuit  operating  as  a  unit, 
such  as  an  amplifier,  multivibrator, 
or  oscillator.  The  path  may  branch 
and  proceed  through  parallel  paths 
or  it  may  be  joined  by  paths  of  im¬ 
pulses  coming  in  from  blocks  above 
or  below  the  main  flow.  For  eye  ap¬ 
peal,  consecutive  order,  and  read¬ 
ability,  the  flow  should  be  kept 
moving  in  smooth  unbroken 
streams  from  the  cause,  on  the  left, 
to  the  effect  on  the  right. 

Having  sketched  an  ideally 
smooth  flow,  as  illustrated  by  the 
diagram  of  an  APS-3  radar  equip¬ 
ment  shown  in  Fig.  1,  it  will  be 
necessary  to  modify  this  to  some 
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FIG.  1 — First  droit  oi  block  diagram,  showing  idoalisod  flow  oi  functions  for 

APS-3  radar 


extent  to  conform  to  the  actual 
physical  locations  of  the  unit-func¬ 
tion  blocks  in  the  equipment. 

By  moving  these  blocks  up  or 
down  it  will  be  possible  to  collect,  in 
one  general  group  on  the  sheet, 
those  which  are  located  in  the  same 
mechanical  unit  or  box.  Such  a  step 
is  illustrated  in  Fig.  2.  This  will 
require  the  flow  lines  to  dip  down¬ 
ward  or  upward  from  the  original 
ideal  path.  Any  rearrangements 
which  result  in  straighter  flow 
lines  or  emphasis  upon  the  relative 
importance  of  the  paths  should  be 
used.  This  will  often  require  re¬ 
lated  units  to  be  above  each  other. 

The  blocks  related  by  physical 
location  are  enclosed  by  a  larger 
dashed  outline,  boldly  drawn,  desig¬ 
nating  the  frame,  unit,  or  box 
which  contains  them.  Within  this 
outline  the  blocks  may  be  shifted 
about  to  preserve  straight  flow  lines 
and  to  eliminate  as  many  cross¬ 
overs  of  paths  as  possible.  From 
■  the  schematic  viewpoint  these  out¬ 
lines  may  be  rectangles,  long,  short, 
horizontal,  vertical,  notched,  or 
otherwise  shaped  to  accommodate 
blocks,  without  regard  to  similarity 
to  the  actual  box  shape  in  the  equip¬ 
ment. 

Frequently  it  is  desirable  to  pre¬ 
pare  the  entire  schem^itic  so  that  it 
can  be  separated  into  individually 
complete  numbered  pages.  This 
arrangement  is  particularly  usefuh 
for  instruction  book  or  text  book 
purposes.  The  appropriate  section 
of  the  entire  drawing  may  also  be 
secured  inside  Covers  or  doors  of 
'  the  individual  apparatus  boxes  or 
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cabinets.  When  the  worker  studies 
the  overall  system  schematic  draw¬ 
ing,  he  encounters  the  same  famil¬ 
iar  diagram  patterns  which  he  finds 
in  the  covers  of  the  individual 
units.  To  provide  this  page  sec- 
tionalization,  additional  rearrange¬ 
ments  of  the  drawing  may  be  re¬ 
quired  so  that  reasonable  divisions 
can  be  made.  In  general  this  is  not 
too  difficult  once  the  mechanical 
grouping  of  unit-function  blocks 
has  been  determined. 

Figure  3  illustrates  a  rearrange¬ 
ment  of  the  material  of  Fig.  2  into 
four  separate  quadrants  or  pages. 
Helpful  general  details  have  been 
filled  in  to  form  the  complete  block 
diagram  as  finally  developed.  The 
quadrant  or  page  numbers  refer  to 
detailed  drawings,  one  of  which  is 
shown  in  Fig.  4.  Note  the  very  close 
correlation  between  the  patterns  of 
the  heavy  flow’  lines  on  Fig.  3  with 


their  counterparts  on  the  detailed 
drawings  of  Fig.  4.  For  the  reader, 
this  preservation  of  the  pattern 
simplifies  the  mental  transition 
from  block  diagram  to  individual 
page.  It  is  also  a  powerful  assist¬ 
ance  to  the  memory. 

The  Detailed  Sheet 

The  positions  of  the  unit-func¬ 
tion  blocks  having  been  roughly 
determined  by  the  layout  of  the 
block  diagram,  it  becomes  neces¬ 
sary  to  develop  the  detail  within 
each  block.  This  detail  comprises 
resistors,  capacitors,  coils,  tubes, 
etc,  whose  wiring  must  fit  into  the 
general  scheme. 

To  achieve  smoothness,  it  may  be 
necessary  to  draw  and  redraw  the 
circuitry  of  blocks  top  for  bottom 
or  right  for  left  to  conform  to  the 
straightforward  block  diagram.  It 
should  always  be  kept  in  mind  that 
each  block  is  a  subsidiary  link  in 
the  branching  chain-of-function 
flow’. 

The  component  resistors,  capaci¬ 
tors,  and  tubes  should  be  so  dis¬ 
posed  w’ith  respect  to  each  other 
that  the  circuit  behavior  and 
purpose  is  made  clear.  This  may 
require  readjustment  of  the  block 
diagram  as  space  requirements  be¬ 
come  defined.  Where  voltage  di¬ 
vider  chains  of  resistors  provide 
graduated  voltages,  they  should  be 
arranged  in  the  simple  straight 
line  or  row  with  the  high  voltage 
impressed  across  the  ends.  Suc¬ 
cessively  lower-voltage  taps  come 
out  from  it  like  steps  in  a  ladder. 
A  convenient  concept  is  a  potential 
gradient  of  the  tapping  wires: 


FIG.  2 — Regrouping  oi  unit-function  blocks  oi  APS-3  radar  diagram  to  conform  to 
mechanical  diTieione  and  minimise  croasoeert 
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FIG.  3 — ^Finol  block  diagram  of  APS-3  radar,  with  helpful  detail  filled  in.  Arrangement  in  four  quadrants  permitB  comparison  with 
the  four  schematic  diagram  sheets,  one  for  each  quadrant,  that  ore  drown  next 


Electrical  similitude  should  be 
emphasized,  when  valid,  by  graph¬ 
ical  similitude.  A  group  of  R-C 
chains,  selectable  by  a  switch,  all 
similar  in  principle  but  differing 
only  in  time  constant,  should  be 
grouped;  all  pairs  of  resistors 
should  be  placed  at  the  same  level 
and  the  attitudes  of  one  R-C  com¬ 
bination  repeated  for  all.  Once  the 
reader  has  decided  what  one  is  for, 
he  can  plainly  see  that  all  fulfill  the 
same  purpose.  Such  an  R-C  group 
should  stand  apart  from  other  simi¬ 
larly  appearing  R-C  links  whose 
function  is  not  immediately  related 
to  them. 

Where  cables  connect  one  out¬ 
lined  unit  to  another,  the  sides  of 
such  units  should  be  arranged  to  be 
adjacent  and  the  elements  so  ar¬ 
ranged  within  that  the  cable  can  be 
shown  as  a  family  of  straight 
wires,  free  of  cross-overs,  running 
between  the  units.  Some  cable 
wires  will  carry  the  chain-of -func¬ 
tion  flow,  standing  out  boldly  and 
becoming  part  of  the  general 
framework  of  the  diagram. 


Too  often  the  simple  circuitry  of 
primary  power  distribution  involv¬ 
ing  on-off  switches,  fuses,  auto¬ 
matic  overload  cut-outs,  interlocks, 
time  delays,  gate  and  battle 
switches,  can  become  woven  into  a 
complex  web  of  advanced  wireman- 
ship  that  would  defy  Maxwell  him¬ 
self,  though  he  be  armed  with  the 
finest  of  volt-ohmmeters.  These 
primary  circuits  are  usually  set  up 
sequentially:  that  is,  the  one  most 
remote  from  the  main  fuses  de¬ 
pends  upon  the  functions  of  numer¬ 
ous  devices  preceding  it.  The  dia¬ 
gram  of  this  web  should  be  drawn 
as  branching  chains  of  influence 
flowing  across  into  rungs  of  a  lad¬ 
der  whose  rails  are  the  two  primary 
power  leads.  From  the  diagram  it 
should  be  instantly  apparent,  with¬ 
out  wire  tracing,  which  units  are 
controlled  by  a  given  switch  and 
which  chains  of  influence  would  be 
put  out  of  commission  by  a  blown 
fuse  or  open  gate  switch.  The 
drawing  should  be  deliberately  set 
up  so  the  man  with  the  volt-ohm- 
meter  can  see  immediately  what 


highest  near  the  top,  lowest  toward 
the  bottom. 

Bridge  circuits  should  be  drawn 
to  look  like  a  bridge.  If  the  plate 
impedance  of  a  vacuum  tube  is  part 
of  an  arm  of  the  bridge,  it  should 
be  drawn  in  one  of  the  sides  of  the 
diamond  and  oriented  to  match. 
This  will  immediately  assist  the 
reader  to  understand  what  the  de¬ 
signer  expected  the  tube  to  do. 

When  networks  might  require 
the  application  of  Thevenin’s  or 
Kirchhoff’s  principles  for  analysis, 
the  link  elements,  meshes,  and  junc¬ 
tions  should  be  drawn  to  stand 
slightly  apart  from  other  circuits 
and  be  arranged  so  that  the  appro¬ 
priate  principle  is  apparent. 

Electrical  symmetry  as  exempli¬ 
fied  in  balanced  circuits  should  be 
expressed  as  graphical  symmetry. 
Symmetry  of  general  function 
should  also  be  so  shown  where  ap¬ 
propriate.  It  should  be  emphasized 
that  graphical  symmetry  should  not 
be  employed  for  the  sake  of  pic¬ 
torial  composition  when  no  such 
real  electrical  symmetry  exists. 
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FIG.  4 — Schtmotic  diagram  for  uppor  loft  quadrant  of  Fig.  3,  oa  drown  before  standardizotion  of  tymbola  by  ASA.  Use  of  aeTeral 
weights  of  letters  and  lines  improres  eifectiTeness  and  eye  appeal,  but  takes  longer  to  draw 


voltage  or  resistance  he  might 
normally  expect  to  encounter  in 
making  a  measurement  at  any 
point. 

Designations  and  Markings 

The  schematic  drawing  should 
carry  identification  of  every  re¬ 
sistor,  capacitor,  tube,  and  switch. 
This  means  a  designation  (or  part) 
number  together  with  the  circuit 
value  or  type  number.  It  should 
make  unnecessary  the  usual  fre¬ 
quent  and  aggravating  reference  to 
the  parts  list. 

All  pin  numbers  on  all  tube 
sockets  should  be  shown.  All  jacks, 
plugs,  terminals,  fanning  strips 
and  cables  should  carry  their  desig¬ 
nations  and  actual  numbers.  All 
supply  voltages  should  be  shown 
where  appropriate. 

To  eliminate  many  conventional 
leads  from  the  drawing,  a  system 
of  margin  coordinates  on  each  num¬ 
bered  page  of  the  drawing  makes 
it  practical  to  show  an  arrow  head 
on  the  end  of  a  lead  with  a  simple 
lejrend  giving  the  drawing  page 


number  and  coordinates  where  the 
other  end  of  the  lead  may  be  picked 
up.  This  is  used  principally  for 
plate  supply  voltage  leads  or  similar 
common  sources.  Thus,  in  Fig,  4, 
drawing  2,  the  screen  supply  for 
the  modulator  tube  has  the  legend 
-f-  1,250  V  (2-A3).  The  2  refers  to 
the  drawing  sheet  and  A3  are  the 
coordinates  on  drawing  2  where  the 
screen  supply  source  will  be  found. 

Each  control  for  adjustment, 
calibration  or  operation  should  be 
marked  with  the  name  it  actually 
carries  on  the  panel.  This  name 
(abbreviated)  is  usually  enclosed 
in  a  box  to  designate  that  it  is  so 
marked. 

It  is  desirable  to  designate 
by  simple,  appropriate  symbols 
whether  it  is  a  screw-driver  adjust¬ 
ment  or  a  knob  and  whether  it  is 
accessible  from  the  front  panel  or 
.is  within  the  chassis.  Although  the 
drawing  examples  printed  herewith 
do  not  show  the  latter  features,  ex¬ 
tensive  and  very  helpful  use  was 
made  of  such  designations  in  later 
drawings. 


The  several  weights  of  letters 
and  lines  shown  in  the  accompany- 
illustrations  are  the  minimum 
found  effective  in  providing  the 
desired  emphasis  of  flow  and  sub¬ 
ordination  of  detail. 

In  the  large  amount  of  work 
done  on  drawings  of  this  kind  it 
has  proved  most  satisfactory  to 
standardize  on  17"  x  22"  tracing 
cloth  sheets  for  original  ink  draw¬ 
ings.  This  is  a  convenient  scale 
for  the  draftsman  and  reduces  to 
8J"  X  11"  individual  sheets  in  a  2 
to  1  reduction.  The  examples 
shown  here  suffer  unavoidably 
from  a  reduction  somewhat  more 
than  this. 

The  authors  wish  to  acknowl¬ 
edge  the  inestimable  contributions 
of  Richard  L.  Bliss  of  the  MIT 
School  of  Architecture,  who 
learned  electronics  for  the  sole 
purpose  of  producing  the  draw¬ 
ings  described  above  and  who 
wrestled  with  the  fatiguing  rou¬ 
tines  of  countless  redrawings  to 
produce  truly  engineered  sche¬ 
matics. 
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.Battery-operated  phototube-amplifier-meter  circuit  integrates  incident  light  produced  at 
subject  to  be  photographed  by  capacitor-energized  electric  flash  lamps.  Meter  is  cali¬ 
brated  to  read  directly  in  aperture  numbers  for  correct  color  or  black-and-white  exposures 


By.  HAROLD  E.  EDGERTON 

JHaaaachuaetta  Inatitute  of  Technology 
Cambridge,  Maaa. 

The  photoelectric  light-integrat¬ 
ing  meter  described  here  was 
developed  for  measuring  the  inci¬ 
dent  light  from  repeating  electric- 
flash  photographic  light  sources 
that  are  energized  by  discharge  of 
a  capacitor.  The  object  of  most 
light  measurements  of  this  nature 
is  to  determine  the  camera  aper¬ 
ture,  and  for  this  purpose  the  meter 
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FIG.  1 — Circuit  and  characteristic  curves 
of  photoelectric  liqht-inteqrating  meter  for 
capacitor-discharge  electric  flash  lamps 


can  be  calibrated  to  read  directly 
in  aperture  numbers  that  will  re¬ 
sult  in  properly-exposed  photo¬ 
graphs  for  both  celor  and  black- 
and-white  film. 

The  person  most  interested  in  the 
use  of  this  meter  is  the  one  who  is 
to  take  color  photographs.  He  will 
place  the  meter  at  the  subject  and 
direct  the  phototube  opening  at  the 
main  light.  A  pushbutton  will  flash 
the  key  light  or  all  the  lights  and 
the  meter  will  indicate  a  given  read¬ 
ing  if  the  correct  camera  aperture 
for  the  type  of  film  selected  has  been 
pre-set  on  the  optical  attenuator. 
The  photographer  can  then  adjust 
the  camera  aperture  to  the  value 
indicated  by  the  meter,  or  modify 
the  distance  to  .the  key  light  to  ob¬ 
tain  some  desired  aperture. 

As  a  next  step,  the  fill-in  light, 
background  lights  and  spots  can  be 
measured  and  the  light-to-subject 
spacing  arranged  so  that  the  ratio 
of  the  key  light  to  these  others  will 
produce  the  desired  photographic 
effect. 

A  further  use  of  the  meter  is  to 
check  the  output  of  electric-flash 
lighting  equipment,  by  comparing 
meter  readings  for  standard  and 
unknown  lamps  and  power  units. 
Also,  the  effectiveness  and  angular 
distribution  of  light  from  reflectors 
can  be  evaluated. 

Design  Data 

The  measurement  of  the  quantity 
of  light  produced  by  a  flash  from 
an  electric-flash  lamp  involves  the 
integration  of  instantaneous  values 
of  light  over  the  duration  of  the 
flash.  A  circuit  that  accomplishes 
this  under  certain  conditions  is 
given  in  Fig.  lA.  The  measurement 
of  light  requires  that  the  phototube 
current  and  instantaneous  light  be 
proportional,  so  that  i  =  KF,  where 


K  is  a.  constant  relating  phototube 
current  i  and  light  flux  F. 

Figure  IB  shows  the  general 
shape  of  the  volt-ampere  character¬ 
istics  of  an  RCA  Type  &29  vacuum 
phototube  with  strong  illumination. 
Note  that  the  current  and  luminous 
flux  can  be  proportional  only  for 
voltages  above  the  knee  (point  A). 

Should  the  instantaneous  varia¬ 
tion  of  luminous  flux  exceed  that 
corresponding  to  the  knee  during  a 
short,  intense  flash  of  light,  the 
equation  i  =  KF  will  not  be  satis¬ 
fied  and  the  meter  indication  will 
not  be  a  true  measure  of  the  inte¬ 
grated  light.  Gas-filled  phototubes 
cannot  be  used  since,  because  of  the 
effects  of  the  gas,  the  current  may 
not  be  proportional  to  flux.  The 
curves  of  Fig.  IB  show  that  about 
100  volts  is  required  on  this  photo¬ 
tube  if  36  lumens  is  the  greatest 
instantaneous  illumination  that  is 
to  be  experienced.  For  145  lumens, 
the  voltage  should  be  about  200 
volts.  From  this  limited  number  of 
data  it  appears  that  the  saturation 
current  is  approximately  a  function 
of  the  square  of  phototube  voltage. 

A  voltage  proportional  to  the  in¬ 
tegrated  light  and  thereby  propor¬ 
tional  to  exposure  is  obtained  across 
an  integrating  capacitor  C  if  the 
phototube  current  flows  ino  the  ca¬ 
pacitor.  The  voltage  is 


A  vacuum-tube  voltmeter  with  an 
indicating  meter  M  is  used  to  re¬ 
cord  the  voltage  without  discharg¬ 
ing  the  capacitor  at  a  rate  which 
interferes  with  the  reading  of  the 
meter  after  the  flash.  The  drift  of 
the  indicating  meter  after  a  flash 
reading  will  depend  upon  the  grid 
current  of  the  vacuum  tube,  the 
leakage  current  of  the  phototube, 
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Light  meter  is  held  at  position  to  be  taken  by  subiect  and  Is  aimed  at  flash  lamp, 
which  is  tripped  remotely  by  pushbutton  on  end  of  cord 


and  the  leakage  of  the  circuit.  The 
size  of  capacitor  C  must  be  in¬ 
creased  to  such  a  value  that  the 
drift  is  inappreciable  unless  some 
method  is  provided  to  adjust  the 
drift,  such  as  grid  current  compen¬ 
sation. 

In  the  practical  design  of  an  in¬ 
tegrating  light  meter  the  capaci¬ 
tance  for  an  uncompensated  cir- 
f  cuit  is  usually  about  0.1  ixf  when 
^  the  meter  drift  is  limited  to  less 

*  than  a  full-scale  deflection  in  about 

*  30  seconds. 

^  From  the  equation  u  =  C(de  dt), 

'  the  time  to  drift  to  full  scale,  if  the 
i  grid  and  leakage  currents  are  as¬ 
sumed  constant,  can  be  given  by 
tt  =  Cer^ir,  where  e,  is  input  volt¬ 
age  to  produce  a  full-scale  deflec¬ 
tion,  ti  is  the  time  required  for  the 
meter  to  drift  from  zero  to  full 
scale,  and  t*  is  the  current  that 
causes  drift  in  the  integrating  ca¬ 
pacitor  C.  Thus  the  drift  time  is 
a  function  of  the  grid  and  leakage 
currents  and  the  integrating  ca- 
I  pacitor  once  an  amplifier  design  has 
i  been  selected. 

I 

^  The  grid  current  curve  of  a  typi¬ 
cal  three-electrode  vacuum  tube  ap-- 
pears  in  Fig.  1C.  For  most  tubes 
the  crossover  point  X  of  zero  grid 
I  I  current  is  about  —1  volt  with  re- 
'  spect  tc  the  negative  end  of  the 
cathode.  It  is  inadvisable  to  oper¬ 


ate  on  the  right-hand  side  of  the 
crossover  point  since  the  grid  cur¬ 
rent  increases  rapidly  due  to  elec¬ 
trons  that  arrive  at  the  grid  with 
energy  obtained  from  thermal  proc¬ 
esses  at  the  cathode.  Positive  ion 
currents  are  responsible  for  the  neg¬ 
ative  slope  of  the  grid  current  curve 
between  the  points  B  and  C  since 
the  number  of  positive  ions  is  di¬ 
rectly  a  function  of  the  plate  cur¬ 
rent.  To  the  left  of  point  C  the 
plate  current  is  cut  off  and  the  tube 
serves  no  useful  function.  There¬ 
fore  the  portion  of  the  character¬ 
istic  that  can  be  used  falls  between 
C  and  X. 

Point  C  as  well  as  the  entire 
curve  .depends  upon  plate  voltage. 
A  plate  voltage  is  selected  that  is  as 
low’  as  possible,  but  still  ample  to 
produce  plate  current  that  is  sev¬ 
eral  times  that  of  the  maximum 
reading  of  the  meter.  The  usual 
practical  value  of  grid  bias  is  w’ell 
to  the  left  of  point  X  for  all  oper¬ 
ating  conditions. 

The  type  1L4  tube  connected  as 
a  triode  with  the  screen  and  plate 
tied  together  can  be  used  with  45 
volts  on  the  plate,  a  plate  current 
of  0.5  ma  and  a  grid  bias  of  —1.3 
volt.  A  200-microampere  meter  is 
used  as  an  indicator.  Under  this 
condition  the  grid  current  is  less 
than  10  *  ampere  for  selected  tubes 


that  have  been  .aged  for  tw’o  days 
with  90  volts  on  the  plates. 

S«lf-Bias  Connection 

Amplifiers  with  self-bias  resis¬ 
tors  have  voltage  calibrations  that 
are  relatively  independent  of  the 
tube  constants.  This  independence 
of  calibration  is  gained  at  the  ex¬ 
pense  of  sensitivity  in  the  conven¬ 
tional  circuit  design.  How’ever,  for 
this  special  type  of  amplifier  with 
a  floating  input  capacitor,  as  used 
for  light  measurement,  the  ad¬ 
vantages  of  self-bias  can  be  gained 
w’ithout  a  loss  of  sensitivity.  As 
long  as  the  product  of  capacitance 
C  and  the  voltage  necessary  for 
full-scale  deflection  ec  is  constant, 
the  light  necessary  for  full-scale  de¬ 
flection  of  the  meter  and  the  drift 
time  will  not  be  changed.  The  drift 
time  is  also  proportional  to  the 
same  product. 

A  suitable  design  with  degenera¬ 
tion  by  means  of  a  cathode  resistor 
is  one  that  reduces  the  gain  by  a 
factor  of  five;  this  is  provided  by 
the  circuit  of  Fig.  1.  Such  a  design 
will  decrease  the  influence  of  tube 
characteristics  by  a  factor  of  about 
the  .same  value. 

Testing  the  Instrument 

Should  the  phototube  voltage  be 
less  than  that  required  for  satura¬ 
tion  the  meter  will  read  low.  A 
simple  test  of  the  meter,  with  any 
flashing  light  source  of  known  du¬ 
ration,  is  to  vary  the  phototube  volt¬ 
age  and  record  the  resultant  meter 
reading.  If  the  meter  reading  is 
constant  as  the  voltage  is  increased, 
there  is  ample  voltage  on  the  photo¬ 
tube.  The  limiting  phototube  volt¬ 
age  can  be  found  by  decreasing  the 
phototube  voltage  until  the  meters 
begin  to  drop. 

If  a  flashtube  w’ith  a  shorter 
flash  is  used,  but  with  the  same 
quantity  of  light,  the  break  will 
occur  at  a  higher  phototube  voltage. 

Shortest  Allowable  Flash 

The  duration  of  most  flashtubes 
ranges  from  50  to  1,000  micro¬ 
seconds.  As  a  general  rule,  the 
duration  is  longer  for  the  more 
powerful  lamps. 

The  limiting  time  of  flash  can  be 
calculated  approximately  as  fol¬ 
low’s  :  Assume  that  the  flash  of  light 
is  of  rectangular  form  providing  F 
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containing  Polaroid  attenuator 


lumens  on  -  the  phototube  cathode 
for  T  seconds  duration.  The  quan¬ 
tity  of  lisrht  is 


Fdt  •  FT 


e,~^KFT  ~-^T  (3) 

The  phototube  current  is  KF 
amperes,  and  i  =  CeJT.  From 
this  it  can  be  seen  that  the  peak 
current  through  the  phototube  is  a 
direct  function  of  the  integrating 
capacitance  and  the  voltage  re¬ 
quired  for  full  scale  on  the  deflect¬ 
ing  meter.  Likewise,  the  required 
phototube  current  for  full-scale  de¬ 
flection  increases  inversely  with 
change  in  duration  of  the  flash.  A 
short  flash  will  require  a  larger 
phototube  current  and  a  higher 
phototube  voltage  if  a  full-scale 
reading  without  error  is  to  result. 

A  phototube  circuit  with  100 
volts  on  the  929  phototube  and  with 
a  peak  flux  of  36  lumens  will  pro¬ 
duce  a  photoelectric  current  of  1.7 
ma,  as  shown  by  the  lower  curve  of 
Fig.  IB.  With  C  =  0.1  |if  and  e. 
=  2.5  volt  (sufficient  for  a  full- 
scale  deflection  of  a  200-micro¬ 
ampere  meter),  T  —  Cedi  =  147 
microseconds,  assuming  a  rectan¬ 
gular  pulse  of  light.  The  actual 
pulses  of  light  from  electric-flash 
tubes  rise  sharply  to  a  peak  and 
then  decay  with  a  form  resembling 
an  exponential. 

With  200  volts  on  the  phototube 
the  current  can  be  about  four  times 
greater  and  the  time  similarly  de¬ 


creases  to  36  microseconds.  By 
similar  reasoning,  a  half-scale 
reading  can  be  made  with  an  18- 
microsecond  pulse  with  200  volts 
on  the  phototube. 

An  approximate  general  ex¬ 
pression  for  the  necessary  photo¬ 
tube  voltage  required  to  give  an 
accurate  integration  of  a  rectan¬ 
gular  pulse  of  light  of  duration  T 
can  be  obtained  if  the  phototube 
saturation  current  i  is  taken  to  be  a 
squared  function  of  the  phototube 
voltage  E.  The  expression  is  t  = 
AE*,  where  A  is  a  constant.  This 
current,  when  substituted  for  the 
integrator  capacitor  voltage  previ¬ 
ously  given,  results  in  the  following 
expression  for  the  required  photo¬ 
tube  voltage 

E  -  <Ce,/AT  (4) 

As  a  numerical  example,  the  re¬ 
quired  voltage  calculated  for  a  one- 
microsecond  flash  is  1,150  volts. 
This  might  cause  a  flashover  in  the 
phototube.  If  it  is  necessary  to 
measure  microsecond  pulses,  a  more 
sensitive  amplifier  or  a  smaller  in¬ 
tegrating  capacitor  should  be  used. 
Such  a  modification  requires  a 
smaller  grid  current  in  order  to 
keep  the  meter  drift  time  at  a  reas¬ 
onable  value.  The  phototube  volt¬ 
age  becomes  240  if  e*  =  0.1  volt  and 
C  =  0.1  |i.f.  These  are  reasonable 
values  that  can  be  obtained  with  a 
two-stage  amplifier  with  grid  cur¬ 
rent  compensation. 

Some  care  is  required  in  select¬ 
ing  a  suitable  integrating  capacitor 
since  some  capacitors  have  leakage 


and  others  have  absorption  effects 
that  are  serious.  It  has  been  found 
that  polystyrene  and  mica  capaci¬ 
tors  have  very  desirable  charac¬ 
teristics.  Certain  types  of  oil 
capacitors  can  be  used  with  success 
as  integrating  elements. 

The  light-meter  calibration  is 
made  with  a  specific  phototube 
(type  929)  which  is  a  vacuum-tyi)e 
tube  with  an  S-4  surface.  If  other 
types  are  used,  the  calibration  will 
not  hold.  The  S-4  surface  has  a 
peak  sensitivity  in  the  blue  portion 
of  the  spectrum,  at  4,500  A.  The 
sensitivity  decreases  from  this 
peak  to  the  cutoff  value  which  is  in 
the  orange.  Very  little  red  light  is 
measured.  Thus  the  meter  meas¬ 
ures  mainly  the  blue  light.  This  is 
not  a  serious  disadvantage  since 
most  photographic  film,  even  the 
panchromatic  types,  also  has  a 
sensitivity  peak  in  the  blue. 

For  color  photography  the  flash- 
tubes  that  are  used  are  mainly 
filled  with  xenon  gas  at  high  pres¬ 
sure  for  high-efficiency  use.  The 
meter  should  then  be  calibrated  ex¬ 
perimentally  with  a  xenon  lamp 
under  conditions  that  are  known  to 
produce  a  suitable  color-photo¬ 
graph  result.  Fortunately  xenon 
flash-tubes  are  of  about  the  same 
color  temperature  regardless  of  the 
energy  loading,  and  therefore  the 
light  meter  can  be  used  for  com¬ 
parison  purposes  with  success  even 
if  only  sensitive  to  blue  light. 

Figure  ID  shows  the  spectral 
sensitivity  of  two  types  of  photo¬ 
electric  surfaces  as  well  as  the 
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standard  eye  visibility  curve  and 
film  response.  A  different  photo¬ 
tube,  type  926  (S-3  surface),  has  a 
sensitivity  curve  that  covers  the 
entire  visual  range  as  well  as  some 
of  the  infrared,  but  has  a  lower 
overall  sensitivity  than  the  929. 

The  Coming  Glass  Works  can 
make  on  special  order  a  filter  com- 
*  posed  of  two  kinds  of  glass  that 
will  correct  the  926  phototube  spec¬ 
tral  characteristic  to  correspond  to 
the  visibility  curve.  A  filter  com¬ 
posed  of  glasses  3304  and  4784 
gives  a  suitable  combination.  An 
accurate  match  can  be  made  to  any 
particular  phototube  at  two  wave¬ 
lengths  (6,400  and  4,800  A)  by 
adjusting  the  thickness  of  the  two 
glasses. 

The  phototube  in  the  light  meter 
will  respond  to  the  light  from  any 
kind  of  light  source.  However,  the 
meter  output  cannot  be  expressed 
in  lumen  seconds  per  square  foot 
unless  the  spectral  distribution  is 
the  same  as  that  of  the  xenon 
flashtube  that  is  used  for  calibra¬ 
tion.  All  xenon  flashtubes,  to  a 
first  approximation,  have  a  com¬ 
parable  spectral  distribution  and 
therefore  the  meter  readings  can 
be  given  in  terms  of  lumen  seconds. 

Maximum  Meter  Sensitivity 

The  example  given  previously 
(e«  =  2.5  volt,  C  =  0.1  af)  will 
have  a  maximum  reading  of  the 
meter  corresponding  to  36  lumens 
for  147  microseconds  when  a  photo¬ 
tube  voltage  of  100  volts  is  used. 
This  reading  corresponds  to  36  x 
147  X  10  *  =  0.0053  lumen-second 
with  a  tungsten  source  having  a 
color  temperature  of  2,850  Kelvin. 
Xenon  lamps  have  an  equivalent 
color  temperature  of  from  6,000  to 
9,000  and  because  of  the  propor¬ 
tionally  greater  blue  light,  require 
less  than  half  as  much  visual  light 
in  lumen-seconds  to  produce  the 
equivalent  phototube  current  in  the 
929  phototube.  For  this  reason  a 
xenon  flashtube  will  produce  a  full- 
scale  reading  of  the  meter  with 
about  0.0026  lumen-second  of  inci¬ 
dent  light. 

The  projected  area  of  a  92& 
phototube  cathode  is  about  0.5 
square  inch,  so  the  phototube  cath¬ 
ode  has  a  light  density  of  about 
0.005  Ir.men-second  per  square  inch 
when  used  to  measure  the  light 


from  axenon  flashtube.  We  will  now 
calculate  the  distance  from  a 
standard  flashtube  that  will  give 
this  deflection  for  calibration  pur¬ 
poses.  A  standard  FT-214  flash- 
tube  (General  Electric  Co.)  flashed 
from  30  |if  at  2,000  volts  emits 
some  2,000  lumen-seconds  and  has 
an  intensity  I  of  200  horizontal 
candlepower-seconds  with  a  dura¬ 
tion  of  about  150  microseconds. 
The  number  of  lumen-seconds  per 
square  inch  at  a  distance  d  in 
inches  is  L  =  //d*  =  0.005  lumen- 
second  per  square  inch,  from  which 
d  =  I/'L  =  200  inches  =  16.7  feet. 

Calibration  of  the  meter  can  be 
accomplished  directly  by  this 
method,  using  a  standard  flashtube 
operated  under  specified  conditions. 
Thus  a  full-scale  meter  reading 
corresponds  to  U  =  200  16.7*  = 
0.715  lumen-seconds  per  sq  ft. 

The  reading  of  incident  phosage 
in  lumen-seconds  per  square  foot 
can  likewise  be  calculated  from 
U  =  kRM  lumen-seconds  per 
square  foot,  where  M  is  the  meter 
reading,  R  is  the  Polaroid  attenua¬ 
tion  ratio  as  read  on  the  front  of 
the  meter,  and  fc  is  a  constant  of 
the  instrument.  The  light  trans¬ 
mission  of  the  uncrossed  Polaroids 
at  the  1  setting  of  the  instrument 
is  about  30  percent  and  this  influ¬ 
ences  the  value  of  k. 

A  diffusing  disc  is  shown  on  the 
attenuator,  which  also  acts  as  a 
calibrator  to  make  the  meter  direct- 
reading  in  lumen  seconds  per 
square  foot;  for  this  case  k  equals 
1.  With  the  diffuser  removed,  the 
value  of  k  for  most  instruments  is 
0.015  with  a  200-microampere 
meter,  with  200  as  the  full-scale 
meter  reading. 

The  beam-candlepower-second 
output  of  a  given  flashtube  and 
reflector  combination  is  kRMd?  or 
f/<f,  where  d  is  the  meter-lamp  dis¬ 
tance  in  feet. 

Neutral-density  filters  can  be 
used  to  extend  the  scale  range. 
Thus  a  1/10  transmission  filter 
would  give  a  multiplying  factor  of 
10.  Neutral-density  filters  are 
available  in  decimal,  logarithmic 
and  percentage  steps. 

The  meter  has  an  angular  accept¬ 
ance  ratio  depending  upon  the 
diffusion  disc  and  other  factors. 
With  the  disc,  the  meter  reading 
decreases  to  half  value  when  the 


meter  is  swung  25  degrees  from  the 
meter-lamp  axis.  This  angle  de¬ 
creases  to  15  or  20  degrees  without 
the  diffuser.  Any  type  of  diffuser 
can  be  used  in  the  filter  adapter 
ring  on  the  instrument. 

Determining  Camera  Apertures 

Preliminary  experiments  show 
that  about  100  incident  lumen- 
seconds  per  square  foot  (f/)  are 
required  to  expose  daylight  Koda- 
chrome  properly  with  a  CC15  filter 
at  an  aperture  of  f/3.5.  The  aper¬ 
ture  /  is  then  equal  to  yJQ.\22U, 
where  phosage  V  is  in  lumen-sec¬ 
onds  per  sq  ft.  Values  of  average 
incident  light  17  required  for  vari¬ 
ous  apertures  are  as  follows: 


Aperture  / 

Phoeage  U 

1.0 

7.85 

1.5 

18.5 

2.0 

32.6 

2.5 

50.8 

3.5 

100 

4.5 

165 

5.6 

256 

6.3 

326 

8 

520 

11 

986 

16 

2,080 

22 

3,940 

32 

8,380 

As  an  example,  suppose  the 
lights  are  fixed  and  the  meter  is 
to  be  used  to  determine  the  aper¬ 
ture.  Guess  at  an  aperture  such  as 
f/3.5  and  make  a  reading.  If  the 
meter  reads  100,  the  guess  was  cor¬ 
rect.  If  it  reads  200,  the  light  is 
double  that  needed  at  f  3.5.  There¬ 
fore  the  aperture  should  be  in¬ 
creased  one  stop  to  f/4.5.  Likewise, 
if  the  meter  reads  50,  the  correct 
stop  is  f/2.5. 

Eventually  tables  of  suitable 
values  of  incident  lumen-seconds 
per  square  foot  for  all  types  of 
photographic  emulsions  and  for 
different  flash  durations  will  be 
available  from  the  film  manufac¬ 
turers. 

The  meter  has  an  aperture  scale 
on  the  Polaroid  attenuator  to  read 
camera  aperture  directly.  The 
aperture  marks  have  been  placed  so 
that  they  correspond  to  a  meter 
reading  of  U  =  100  for  the  correct 
lighting  condition  for  the  indicated 
aperture  with  daylight  Koda- 
chrome.  These  readings  require 
the  calibrated  diffusing  disc  on  the 
attenuator  that  is  furnished  with 
the  meter.  This  disc  also  makes 
the  meter  direct-reading  in  lumen- 
seconds  per  square  foot. 
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TO  BALANCE  CAPACI-  CURRENTS  CONTROLLED 

TIVE  CURRENTS  BV  REFLECTED  LIGHT 

THROUGH  PHOTOTUBES  FROM  SCANNING  DRUM 


RCA  9652  phototube 


^  facsimile  SCANNER 


, -cathode  no  I 


Facsimile 
Modulator  Tube 


CATHODE  NO  Z' 


'  GLASS  SLEEVE  AROUND 

CAPACITOR  ELECTRODE 

TUBE  CHARACTERISTIC  TUBE  CROSS  SECTION 

(D) 

FIG.  1 — Basic  considerations  in  design 
of  bridge  modulator  for  fascimile 


By  J.  R.  SHONNARD 

Times  Facsimile  Corp. 
New  York,  N.  Y. 


High  resolution  facsimile  sig¬ 
nals  are  transmitted  over  ex¬ 
isting  communication  facilities  by 
amplitude-modulated  low-frequency 
carriers.  A  new  type  phototube  and 
bridge  modulator  have  been  devel¬ 
oped  that  enable  light  from  the  fac¬ 
simile  scanner  to  produce  .the  mod¬ 
ulation  directly  without  generating 
frequencies  that  have  to  be  elim¬ 
inated  by  costly  filters.  The  tube 
and  circuit  may  simplify  other  sys¬ 
tems  in  a  similar  manner. 

Facsimile  Transmission 

Before  describing  the  phototube 
and  its  action  in  the  circuit,  it  is 


best  to  review  the  modulation  prob¬ 
lems  that  lead  to  its  development. 
In  many  communication  systems, 
facsimile  being  a  typical  example, 
the  lowest  modulation  frequency  is 
zero  cps,  corresponding  in  this 
case  to  a  picture  area  of  uniform 
density.  The  highest  frequency  is 
limited  by  what  can  be  trans¬ 
mitted  by  the  channel.  Modulation 
currents  as  such  cannot  be  trans¬ 
mitted  over  existing  facilities 
because  they  are  essentially  inter¬ 
rupted  d-c.  To  transmit  them  with¬ 
out  introducing  excessive  distor¬ 
tion  the  channel  would  have  to  be 
polarized  from  transmitter  to  re¬ 
corder  thus  requiring  d-c  ampli¬ 
fiers. 

The  solution  to  the  problem  has 
been  to  transmit  the  signal  as  an 
amplitude-modulated  low-frequency 
carrier  of  frequency  fr.  Under 
such  condition  the  highest  modu¬ 
lating  frequency  /«'  is  limited  to 
half  the  carrier  frequency,  assum¬ 
ing  that  filters  with  ideal  cutoffs 
are  available.  Therefore  the  highest 
possible  carrier  should  be  used.  In 
practice,  the  Upper  frequency  limit 
is  determined  by  the  top  of  the 
channel  passband.  The  carrier  fre¬ 
quency  is  thus  selected  near  this 
limit.  Only  the  lower  sideband  of 
the  amplitude-modulated  carrier 
can  then  be  transmitted,  but  this 
is  all  that  is  necessary  for  faithful 
reproduction  and  provides  an  effi¬ 
cient  way  to  use  the  available  chan¬ 
nel.  The  manner  in  which  these 
frequencies  occupy  the  channel 
spectrum  is  shown  in  Fig.  lA. 

The  modulation  frequencies 
produce  lower  sideband  frequencies 
fs  extending  from  the  carrier  fc  to 
the  lowest  sideband  frequency  f/ 
=  fc-  W.  When  U'  =  /c/2,  //  = 


/j,'.  If  a  higher  modulation  fre¬ 
quency  is  used  the  modulation  band 
overlaps  the  lower  sideband  pro¬ 
ducing  extraneous  frequencies. 
Under  such  conditions  filters  can¬ 
not  be  used  to  prevent  modulation 
frequencies  from  reaching  the 
transmission  circuit.  If  /«'  =  /if', 
ideal  filters  could  separate  the  mod¬ 
ulation  and  sidebands  and  50  per¬ 
cent  of  the  transmission  band  would 
be  used.  Actually  sufficient  guard 
band  must  be  left  between  modu¬ 
lation  and  sideband  frequencies  so 
that  realizable  filters  can  be  used. 
If  filters  that  do  not  have  such 
sharp  cutoffs  as  to  introduce  trans¬ 
ient  distortion  are  employed,  the 
maximum  use  ratio  of  the  channel 
is  only  30  percent. 

Phototube  Modulator 

The  conventional  type  phototube 
bridge  modulator  shown  in  Fig.  IB 
produces  both  the  modulation  fre¬ 
quencies  contained  in  the  imping¬ 
ing  light  beam  and  the  sideband 
frequencies  of  the  modulated  car¬ 
rier  in  its  output.  The  circuit  is 
balanced  for  reactive  and  resistive 
currents.  Light  on  the  phototube 
upsets  the  resistive  balance  to  pro¬ 
duce  the  modulation. 

When  the  RCA  5652  phototube, 
which  has  been  designed  for  this 
service,  is  used,  the  output  contains 
only  the  modulated  carrier  and  side¬ 
bands.  The  signal  can  be  connected 
directly  to  a  conventional  amplifier 
that  is  reasonably  flat  over  its  pass- 
band;  filters  are  unnecessary.  The 
phototube  has  two  flat  cathodes  ar¬ 
ranged  at  approximately  right 
angles  to  each  other.  When  both 
plates  are  illuminated,  one  acts  as 
a  cathode  and  the  other  as  an  anode, 
depending  on  the  polarity  of  the 
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Phototube  having  two  plates  each  acting  alternately*  as  cathode  and  anode  simplifies 
bridge  modulator.  Because  tube  conducts  alternately  in  one  direction  and  then  in  the 
other,  only  desired  modulated  carrier  and  side  bands  appear  across  the  output 


potential  applied  between  them.  If 
the  applied  potential  is  alternating, 
equal  current  pulses  flow  in  both 
directions  with  equal  light  on  both 
plates.  The  average  current  is  then 
zero.  Even  a  flash  of  light  for  the 
duration  of  one  cycle  of  the  carrier 
causes  equal  but  opposite  pulses  to 
flow  so  that  the  effective  current 
remains  zero  up  to  modulating  fre¬ 
quencies  of  half  the  carrier  fre¬ 
quency.  Contrasted  to  this  action, 
the  current  flow  in  a  conventional 
phototube  in  a  modulator  circuit  is 
unidirectional. 

As  used  in  the  modulator,  the 
new  phototube  is  a  variable  im¬ 
pedance,  the  two  cathodes  being 
connected  as  an  arm  of  an  a-c 
bridge.  Capacitive  current  is  bal¬ 
anced,  preferably  by  an  electrode 
built  into  the  phototube  and  com¬ 
pletely  covered  with  a  dielectric. 
The  capacitance  between  this  elec¬ 
trode  and  one  cathode  is  made  ap¬ 
proximately  equal  to  the  capacitance 
between  cathodes. 

For  modulation  by  this  tube  the 
bridge  circuit  can  be  arranged  as 
in  Fig.  1C.  If  no  light  reaches  the 
tube  and  R,  =  R.,  and  Ci  =  C-, 
there  is  no  voltage  output.  As  re¬ 
flected  light  reaches  the  phototube, 
conduction  takes  place  in  the  direc¬ 
tion  governed  by  the  polarity  of 
the  carrier.  Both  electrodes  are 
photoelectric  and  therefore  act  al¬ 
ternately  as  cathodes  and  as  anodes. 

The  amplitude  of  the  applied  car¬ 
rier  is  limited  by  saturation  of  the 
cathode  current  in  this  circuit.  The 
phototube  operates  on  the  linear' 
l)ortion  of  its  characteristic  curve, 
.“^hown  in  Fig.  ID,  for  a  given  range 
of  light  values.  In  the  case  of  high 
definition  facsimile  the  maximum 
light  is  in  the  order  of  4  x  10“* 


lumens.  The  elemental  area  of  illu¬ 
mination  at  the  scanning  drum  is 
about  5  X  10“®  square  inches.  The 
carrier  potential  applied  to  the 
bridge  is  about  0.7  rms  volt.  If  the 
bridge  is  balanced  with  the  light 
source  off,  when  the  light  is  turned 
on  the  output  voltage  will  be  un¬ 
distorted  modulated  carrier  propor¬ 
tional  to  the  instantaneous  light  in¬ 
tensity  reflected  from  the  rotating 
scanning  drum;  only  carrier  and 
sidebands  will  be  present. 

Operating  Circuit  and  Tests 

For  convenience  and  ease  of  ad¬ 
justment  the  circuit  that  is  used 
has  balancing  controls.  In  addition, 
a  diffusing  plate  is  placed  over  the 
aperture  to  overcome  two  difficul¬ 
ties.  First,  a  sharply  focused  im¬ 
age  can  cause  uneven  illumination 
of  the  two  cathodes  and  thus  pro¬ 
duce  occasional  d-c  keying  compo¬ 
nents  in  the  output.  Second,  the 
light  beam  passing  through  the 
aperture  covers  too  small  an  area 
on  the  photocathodes  for  ease  of 
adjustment  when  balancing  the 
bridge  to  eliminate  the  modulation 
frequencies  from  the  output,  unless 
the  optical  system  is  very  long.  The 
diffusing  plate  defocuses  the  beam 
without  sacrificing  resolving  power. 

In  operation,  the  output  voltage 
varies  from  a  maximum  between 
0.005  and  0.010  rms  volt  to  a  mini¬ 
mum  controlled  by  the  noise  from 
the  balanced  bridge  with  the  light 
off.  The  noise  level  of  the  bridge 
and  the  first  stage  of  the  amplifier 
is  equivalent  to  25  to  50  microvolts 
at  the  grid  of  the  first  stage.  The 
load  resistor,  which  also  serves 
as  the  grid  resistor  of  the  first 
amplifier  tube,  can  be  from  1  to  20 
megohms  depending  on  the  com¬ 


promise  that  must  be  made  between 
high  sensitivity  and  stability 
against  humidity,  stray  fields  and 
input  noise.  The  phototube  noise 
does  not  seem  to  be  a  problem.  The 
useful  voltage  ratio  for  light  varia¬ 
tions  is  therefore  from  40  to  50  db. 

When  the  scanner  observes  a  1.6- 
reflection  density  photographic 
black,  the  output  rises  about  10  db 
above  the  noise  level.  This  level 
determines  the  minimum  useful 
signal.  When  the  scanner  observes 
a  bright  white,  the  output  rises  an 
additional  30  to  35  db.  However, 
such  a  range  is  beyond  the  capabil¬ 
ities  of  an  average  transmission 
channel.  Therefore,  after  amplifi¬ 
cation,  the  signal  is  compressed  to 
a  range  of  about  20  db,  within  the 
limits  of  most  channels. 

Resolving  power  of  any  equip¬ 
ment  with  a  given  carrier  fre¬ 
quency  can  be  determined  roughly 
by  reducing  the  size  of  print  being 
transmitted  until  the  copy  repro¬ 
duced  at  the  receiver  is  just  illeg¬ 
ible,  assuming  the  receiver  to  be 
linear  above  the  carrier  frequency. 
A  better  but  more  complicated 
method  is  to  select  a  type  face  and 
size  that  has  a  line  width  greater 
than  is  necessary  to  block  light  to 
the  phototube.  It  is  then  certain 
that  full  interruption  of  the  light 
to  the  phototube  will  be  produced 
regardless  of  scanning  velocity.  In¬ 
creasing  the  scanning  velocity  at 
both  transmitter  and  receiver  with 
a  given  carrier  frequency  will  de¬ 
termine  the  maximum  resolving 
power,  and  therefore  the  maximum 
usable  modulation  frequency  for  a 
given  system.  With  the  new  photo¬ 
tube,  50-percent  utilization  of  the 
channel  can  be  realized  and  thus 
good  resolution  can  be  obtained. 
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Radio  room  ol  Army  transport  about  1918.  The  5-kw  arc  transmitter  is  at  left 


Radio  in  the  Merchant  Marine 


Survey  of  ship  communications  for  message  handling  and  safety  of  life  at  sea.  Basic  radio 
law  and  changing  legal  requirements  are  reviewed  as  background  in  the  evolution  of 
technical  equipment  to  meet  specifications.  Current  trends  are  analyzed 


netic  detector.  A  significant  im¬ 
provement  in  receiver  effectiveness 
was  realized  when  the  unilateral 
characteristic  of  mineral  crystals 
was  discovered  and  applied  to  sig¬ 
nal  rectification.  Although  some 
voltage  gain  was  obtained  from  the 
rather  low-Q  tuned  antenna  pri¬ 
mary  and  secondary  circuits,  the 
audio  component  effective  in  the 
magnetic-type  reproducer  was  low. 
Range,  even  under  conditions  of 
moderate  signal-to-noise  ratio,  was 
restricted  and  reliability  of  both 
receiver  and  transmitter  not  always 
of  the  highest  order. 

An  improvement  in  system  selec¬ 
tivity,  increased  range,  lower  an¬ 
tenna  insulation  requirements,  and 
better  signal  note  were  some  of  the 
advantages  gained  through  the  in¬ 
troduction  of  the  Poulsen  arc  type 
of  continuous  wave  transmitter 
prior  to  World  War  I.  The  arc 
oscillator,  however,  was  limited  by 


The  first  shipboard  radio  instal¬ 
lations  (circa  1901)  utilized  the  dis¬ 
charge  of  a  large  spark  coil  across  a 
straight  gap  into  a  tuned  antenna 
system  to  radiate  energy.  A  co¬ 
herer,  or  rudimentary  form  of  a 
multiple-pomt-contact  rectifier,  con¬ 
nected  to  an  inker  was  used  to 
record  the  received  signals.  Thus, 
it  is  to  be  noted  that  the  first  ship¬ 
board  radio  installations  employed 
automatic  recording  and  visual 
presentation  of  information!  With¬ 
in  a  short  time  the  oscillatory  dis¬ 
charge  of  a  capacitor  across  a  syn¬ 
chronous  or  quenched  gap  was 
adopted  as  an  improved  method  of 
setting  up  oscillations  in  a  large 
antenna  system.  Radio  energy  in 
the  form  of  broad,  highly  damped 
waves,  usually  modulated  at  a  con¬ 
venient  audio  frequency,  was  radi¬ 
ated  at  frequencies  in  the  order  of 
100  to  200  kilocycles.  The  received 
signal  was  demodulated  by  a  mag¬ 


By  JOHN  J.  CANAYAN 

Lieut.  Comdr.  U8M8 

U.  8.  Maritime  8ervice  Training  8tation 
Sheepshead  Bay,  Brooklyn,  N.  Y. 


Historically,  it  was  the  mari¬ 
time  mobile  service  that  first 
adopted  commercial  radio  communi¬ 
cation  and  demonstrated  its  value 
to  the  world.  Radio  has  maintained 
a  brilliant  record  in  the  saving  of 
life  and  property  at  sea  from  a 
period  more  than  a  decade  preced¬ 
ing  that  fateful  night  in  1912  when 
the  distress  call  from  the  stricken 
Titanic  dramatized  its  usefulness. 
But  in  spite  of  the  impetus  which 
this  highly  successful  application 
gave  to  the  radio  industry  during 
its  infancy,  technical  progress  in 
the  marine  field  has  been  along  con¬ 
servative  lines  following,  rather 
than  leading,  shore  developments. 


Views  expressed  In  this  article  are  the 
author’s  and  do  not  necessarily  represent 
those  of  the  U.  S.  Maritime  Service. 
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Typical  shipboard  installation  oi  distributed  type.  Shown  from  left  to  riqht  are  die  main  transmitter,  coil  rack,  emergency  crystal 
receieer,  intermediate  and  high-frequency  receirer,  high-frequency  transmitter,  and  emergency  transmitter 


i. 


an  inherent  inefficiency  to  wave-  of  the  tube  eventually  forced  its  ac-  ing  crystal  control,  and  the  almost 

lengths  longer  than  1,000  meters  ceptance  by  the  marine  industry,  complete  disappearance  of  arc  and 

(300  kc)  and  found  its  most  useful  Early  tube  transmitters  were  usu-  spark  equipment  occurred.  Tuned- 

application  on  wavelengths  as  ally  of  the  converted  spark  type;  radio-frequency  and  superhetero- 
high  as  18,000  meters  (17  kc).  that  is,  the  oscillatory  circuit  of  the  dyne  receivers,  designed  for  exclus- 
Rapid  extension  of  the  vacuum-tube  shipboard  spark  equipment  was  re-  ive  marine  application,  were 

oscillator  to  marine  use  and  unsuit-  placed  by  one  or  two  electron  tubes  adopted  as  standard.  However, 

ability  for  radiophone  (A3)  modu-  with  appropriate  changes  in  circuit  many  merchant  ships  did  not  dis- 

lation  were  the  important  contrib-  and  power  supply.  Primary  and  card  obsolete  equipment  until  the 

uting  factors  to  the  eventual  obso-  secondary  tuned  circuits  were  left  l^te  1930’s. 

lescence  of  the  arc  transmitter,  intact.  Either  c-w  (Al)  or  tone  Other  innovations  in  this  decade 
Nevertheless,  standard  2-kw  arcs  modulated  c-w  (A2)  emission  was  were:  (1)  the  rapid  expansion  of 

remained  as  supplementary  equip-  provided.  Later  tube  equipments  high-frequency  communication  fa- 

ment  on  many  ships  throughout  the  were  designed  especially  for  cilities  and  the  production  of  sev- 
1930’s  and  high-power  installations  marine  use.  Some  form  of  master-  eral  types  of  w’ell-designed  marine 
of  several  hundred  kilowatts  were  oscillator  power-amplifier  lineup  transmitters  for  this  work;  (2)  the 

used  in  commercial  and  government  furnished  a  choice  of  several  work-  increasing  use  of  low-powered 

coastal  and  transoceanic  stations  ing  frequencies  centering  around  marine  radiotelephone,  particularly 

for  many  years.  the  two  international  marine  call-  on  the  smaller  vessels  and  commun- 

Although  the  spark,  arc,  Alexari-  ing  frequencies  of  143  and  500  kc.  ications  involving  safety  or  ship’s 

derson  alternator  (for  land  sta-  business ;  (3)  the  mandatory  instal- 

tions),  and  vacuum  tube  were  con-  Improvements  lation  of  an  automatic  alarm,  cap- 

currently  or  successively  employed  During  the  period  1930—40  the  able  of  giving  visual  and  audible 

as  oscillators  during  the  three  dec-  replacement  of  early  v-t  transmit-  indication  of  impending  distress  or 

ades  ending  in  1930,  the  superiority  ters  by  improved  types  incorporat-  safety  information,  on  all  merchant 
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Typiccd  packaged  shipboard  installation  including  automatic  alarm  (with  keyor  unit),  high-froquency  transmitter  and  recoiTor.  inter- 
modiato-froguoncy  transmitter  and  receieer,  emergency  transmitter,  antenna  switch,  and  charging  panel.  Motor  generotors  are  in 

lower  section 


ships  over  1,600  tons  where  a  con-  Thus  the  modern  shipboard  installa- 
tinuous  radio  watch  is  not  feasible ;  tion,  the  mobile  end  of  the  com- 

(4)  the  requirement  for  a  battery-  munications  loop,  is  the  end  product 

operated  transmitter-receiver  unit  of  a  47-year  old  sporadic  evolution 
in  motor  lifeboats  of  certain  classes  and  includes  most  of  the  technolog- 
of  passenger  vessels  to  reduce  the  ical  advances  made  during  the  pre¬ 
hazard  involved  in  ship  abandon-  war  and  wartime  years, 
ment. 

Perhaps  the  most  outstanding  ad 
vance  during  the  recent  war  was  Every  ocean-going  passenger  ves- 
the  development  and  production  of  sel  and  cargo  vessel  of  1,600  tons  or 
the  packaged  shipboard  radio  sta-  over  (certain  government  vessels 
tion;  that  is,  one  unit  containing  and  ships  of  the  armed  forces  ex- 
three  v-t  transmitters,  three  re-  eluded)  must  have,  upon  leaving 
ceivers,  automatic  alarm,  main  and  any  U.  S.  port,  an  efficient,  properly 
emergency  power  motor-generator  licensed  radio  installation  in  oper- 
sets,  and  all  switching  and  control  ating  condition  and  manned  by  corn- 
circuits.  This  package  could  be  dis-  petent  operators.  Similar  require- 
assembled  for  handling  and  re-  ments  are  enforced  by  the  adminis- 
assembled  aboard  the  ship.  Instal-  trations  of  other  maritime  nations, 
lation  time  was  reduced  from  days  A  continuous  radio  watch  must  be 
to  hours.  maintained  at  all  times  the  vessel 

Hand-cranked,  portable  and  semi-  is  being  navigated  outside  harbors 
portable  lifeboat  transceivers,  high-  or  ports.  However,  cargo  vessels  in 
frequency  facilities  on  nearly  every  lieu  of  additional  operators  may 
U.  S.  ocean-going  vessel,  and  a  keen  employ  the  automatic  alarm  device 
but  discriminating  interest  in  the  to  monitor  the  safety  and  distress 
value  of  new  electronic  navigational  frequency  (500  kc)  during  periods 
aids  were  other  evidences  that  post-  when  the  operator  is  off  duty  . 
war  applications  of  radio  in  the  The  minimum  prerequisites  for 
marine  industry  would  expand,  an  efficient  radio  installation. 


aboard  compulsorily  equipped  ves¬ 
sels,  are  specifically  fixed  by  law. 
However,  equipment  design,  pro¬ 
vided  certain  essential  performance 
is  assured,  is  not  specified  except  in 
cases  where  the  use  of  obsolete  tech¬ 
niques  would  cause  undue  interfer¬ 
ence  to  other  services. 

Each  shipboard  radio  station 
must  have:  (1)  main  transmitter 
and  receiver;  (2)  emergency  trans¬ 
mitter  and  receiver;  (3)  emerg¬ 
ency  source  of  primary  power  inde¬ 
pendent  of  ship  supply,  capable  of 
6  hours  continuous  service;  (4) 
other  ancillary  equipment  contrib¬ 
uting  to  effiiciency,  such  as  a  clock, 
and  bridge  communication.  A 
normal  range  of  200  miles  is  re¬ 
quired  for  the  main  transmitter  and 
100  miles  for  the  emergency.  Al¬ 
though  at  one  time  the  low-fre¬ 
quency  band  between  100  and  200 
kc  carried  the  larger  part  of  mess¬ 
age  traffic  in  the  maritime  mobile 
service,  today  nearly  all  work  is 
done  on  medium  or  high  fre¬ 
quencies.  Most  shipboard  stations 
provide  several  working  frequen¬ 
cies  in  the  band  between  350  and 
515  kc,  inclusive.  The  international 


Shipboard  Radio  Station 
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calling  and  distress  frequency  of 
500  kc  is  used  to  make  initial  con¬ 
tact.  Where  supplementary  high 
frequency  is  installed,  it  must  com¬ 
ply  with  statutory  regulations  as  to 
performance  and  use. 

Regulatory  performance  speci¬ 
fications  for  marine  radio  equip¬ 
ment  are  not  difficult  to  meet.  There 
are,  however,  special  considerations 
incurred  by  the  stringent  condi¬ 
tions  of  marine  service.  Rugged¬ 
ness,  compactness,  part-replace¬ 
ment  accessibility  and  protection 
against  moisture  and  spray  are 
some  of  the  essential  construction 
features.  Efficient,  well-standard¬ 
ized  circuitry  capable  of  easy  and 
stable  adjustment  must  be  used 
throughout.  Reliability  must  be  of 
the  highest  order.  It  is  necessary 
that  operating  controls  be  kept  to 
the  minimum  consistent  with  good 
performance  and  that  such  controls 
be  arranged  conveniently.  Pro¬ 
vision  for  rapid  one-control  fre¬ 
quency  shifting,  simplified  tuning, 
A1  or  A2  emission  at  will  of  oper¬ 
ator,  use  of  110  volts  d-c  as  a  pri¬ 
mary  power  supply,  or  12-volt  stor¬ 
age  batteries  as  an  alternate  emerg¬ 
ency  source,  optional  use  of  crystal 
control  on  medium  and  high-fre¬ 
quency  transmitters,  and  a  break-in 
system  that  will  permit  the  oper¬ 
ator  to  receive  during  keying  inter¬ 
vals  are  features  included  in 
modern  marine  radio  equipment. 

Main  and  Emergency  Transmitters 

Power  output  of  modern  ship¬ 
board  transmitters  ranges  from  50 
watts  for  the  emergency  set  to  500 
watts  for  the  main,  medium-fre¬ 
quency  equipment.  Average  power 
outputs  of  150  to  200  watts  are 
typical.  From  five  to  eight  work¬ 
ing  and  calling  frequencies  within 
the  band  from  350  to  515  kc  are  pro¬ 
vided.  Shifting  frequency  is  ac¬ 
complished  rapidly  by  a  ganged 
switch  and  antenna  retuning. 

The  oscillator  is  conventional  and 
usually  has  eight  pretuned  iron- 
core  circuits,  or  ganged  tapped  in¬ 
ductances  for  easy  switching.  Pro¬ 
vision  for  crystal  control  on  all  or 
any  one  of  the  frequencies  can  j>e 
obtained  by  substitution  of  appro- 
rpriate  crystal  for  a  removable  input 
capacitor.  An  alternative  mopa 
lineup  uses  a  self-excited  oscillator, 
buffer,  and  paralleled-tube  power 


amplifier.  Antenna  loading  and 
tuning  is  accomplished  typically 
by  means  of  a  tapped  variom¬ 
eter.  Plate  modulation  for  A2 
emission  at  -500  to  1,000  cycles 
originates  in  the  power-sup¬ 
ply  motor  generator  which  also  sup¬ 
plies  a  high  d-c  voltage,  or  a  low  a-c 
that  is  increased  and  rectified  for 
the  plates. 

Special  precautions  are  taken  to 
suppress  harmonics  and  parasitics 
by  complete  shielding,  oscillator- 
amplifier  isolation,  and  r-f  grid  iso¬ 
lation.  Primary,  or  some  form  of 
grid  keying  is  used  for  carrier  in¬ 
terruption  in  telegraphy. 

Equipment  Characteristics  . 

The  emergency  transmitter,  as 
an  independent  unit,  has  an  output 
power  of  about  50  watts  into  a 
standard  shipboard  antenna,  or 
single-wire  (against  ground)  radi¬ 
ator  of  approximately  one-quarter 
wavelength,  end  or  center-fed.  An¬ 
tenna  characteristics  vary  between 
500  to  1,500  /i./xf  and  4  to  10  ohms. 
Modulated  c-w  (A2  emission)  often 
due  to  raw  a-c  on  plates,  .is  fre¬ 
quently  used.  All  power  for  the 
emergency  transmitter  is  supplied 
from  storage  batteries  through  a 
motor-generator  set  of  appropriate 
rating.  Some  main  transmitters 
are  so  designed  that  they  may  be 
operated  on  reduced  power  from 
batteries,  thus  serving  as  emerg¬ 
ency  equipment. 

Well-designed,  rugged,  depend¬ 
able  high-frequency  transmitting 
equipment,  specially  built  for  ship¬ 
board  use,  is  presently  available. 
Power  outputs  of  150  to  200  watts, 
choice  of  A1  or  A2  emission,  provi¬ 


sion  for  optional  master  oscillator 
or  crystal  control  of  eight  fre¬ 
quency  bands  in  the  region  4.14  to 
22.14  me,  are  features  of  this  equip¬ 
ment.  Additionally,  several  work¬ 
ing  frequencies  are  included  in  each 
band.  A  stability  percentage  of 
±0.05  for  master  oscillator,  or 
±0.02  for  crystal  oscillator  is  read¬ 
ily  maintained  under  widely  vary¬ 
ing  operating  conditions.  Oscillator 
circuitry  is  conventional.  However, 
a  form  of  temperature  compensa¬ 
tion  is  used  by  one  manufacturer 
to  insure  the  stability  of  a  self- 
excited  type.  Convenient,  rapid 
resetting  of  oscillator  and  doubler 
controls  is  provided  for  facile  op¬ 
eration.  Simultaneous  cathode  or 
grid-block  keying  of  all  tubes,  and 
the  use  of  the  beam-power  tubes  in 
the  power  amplifiers  is  almost 
standard.  For  economy  it  is  neces¬ 
sary  that  the  high-frequency  and 
main  transmitters  use  the  same 
motor  generator  through  a  suitable 
switching  arrangement  which  per¬ 
mits  alternate,  but  not  simultan¬ 
eous,  operation. 

Marine  Radio  Receiver 

The  receiver  is  a  vital  comple¬ 
ment  to  the  shipboard  installation. 
A  typical  station  includes  three  or 
four  such  adjuncts:  (1)  main  re¬ 
ceiver  for  the  vlf,  1-f,  and  m-f  re¬ 
gions;  (2)  emergency  receiver  for 
the  medium  frequencies;  (3)  high- 
frequency  receiver.  For  a  standby 
watch  on  500  kc  while  working  on 
another  medium  frequency,  an  ad¬ 
ditional  set  is  sometimes  used. 

The  main  receiver,  although  of 
straightforward  design  and  con¬ 
struction,  has  special  features  for 
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of  lifeboats  exceeds  13  and  two  such 
installations  where  the  number 
exceeds  19. 

The  lifeboat  transmitter  and  re¬ 
ceiver  unit  are  packaged  together 
and  mounted  rigidly  within  a  pro¬ 
tective  housing,  usually  in  the  bow. 
A  fixed  frequency  of  500  kc  is  deter¬ 
mined  by  a  Colpitts  oscillator 
arranged  in  a  self-rectified,  full- 
wave  circuit.  Modulation  at  1,000 
05  1,600  cps  for  A2  emission  is 
obtained  from  a  dynamotor  of  110- 
volt,  500  or  800-cycle  output.  The 
primary  source  of  transmitter  plate 
and  all  filament  power  is  two  12- 
volt,  high  capacity  storage  bat¬ 
teries;  receiver  plate  voltage  being 
furnished  by  dry  batteries.  An 
antenna  of  approximately  50  feet 
long,  supported  on  collapsible  masts 
gives  a  minimum  reliable  range  of 
50  miles.  Power  capacity  must  be 
such  as  to  permit  continuous  opera¬ 
tion  for  4  hours. 

Another  tsrpe  of  lifeboat  trans¬ 
mitter,  an  outgrowth  of  the  Gibson 
Girl  unit  used  in  sea-air  rescue 
work  during  the  war,  is  frequently 
seen  on  merchant  ships  now.  This 
equipment  may  be  portable  or 
semiportable  and  often  incoriwr- 
ates  a  signalling  facility  only. 
Power  is  supplied  by  a  hand- 
cranked  generator  integral  with  the 
equipment.  Although  the  regula¬ 
tions  requiring  the  installation  of 
this  device  have  been  suspended, 
many  merchant  ships  carry  one  or 
more  as  a  means  of  extending  the 
signalling  area  of  a  lifeboat. 


Automatic  alarms  in  use  on  U.  S. 
ships  are  of  two  general  types:  one 
employs  a  superheterodyne  receiver 
with  an  electronic  selector;  the 
other  uses  a  sensitive  trf  receive? 
with  a  square-law  detector  and 
mechanical  selector.  Both  instru¬ 
ments  give  audible  indication  when 
a  true  alarm  signal  is  received  and 
audible  or  visual  notice  or  both 
when  the  alarm  becomes  inopera¬ 
tive  owing  to  circuit  failure  or 
unusual  external  noise  or  interfer¬ 
ence  conditions.  Variable  receiver 
gain  permits  a  setting  of  sensitiv¬ 
ity  within  the  range  200  to  50,000 
jxv,  thus  allowing  optimum  adjust¬ 
ment  for  prevailing  noise  condi¬ 
tions.  One  equipment  has  auxiliary 
contacts  that  key  the  main  trans¬ 
mitter  to  send  out  an  alarm  signal. 
A  very  recent  development  is  an 
alarm  responding  directly  to  a  spe¬ 
cific  ship’s  call  letters  or  to  an  SOS 
call,  thus  expediting  more  immedi¬ 
ate  action  in  emergencies.  Very 
few  ships,  however,  are  equipped 
with  this  device. 


marine  radiotelegraph  application. 
The  trf  type  with  regenerative  de¬ 
tector  is  standard  in  the  marine 
medium  band.  Band  switching,  or 
plug-in  coils,  for  substantially  con¬ 
tinuous  coverage  from  16  to  600 
kc  gives  considerable  versatility. 
One  or  two  stages  of  r-f,  a  regener¬ 
ative  detector,  and  two  stages  of 
audio  amplification  is  a  lineup 
commonly  used.  Designed  primar¬ 
ily  for  reception  of  A1  or  A2 
emission,  bandwidth  considerations 
permit  high  gain  and  selectivity 
per  stage.  Response  to  modulated 
signals  is  still  further  improved 
in  a  receiver  of  one  manufacturer 
by  employing  audio  transformers 
peaked  in  the  500  to  1,000-cps  re¬ 
gion.  A  storage  battery  for  heater 
supply  and  dry  batteries  for  plates 
make  the  main  receiver  independent 
of  the  ship’s  power  line. 

The  emergency  receiver  is  a  crys¬ 
tal-rectifier  type  as  required  by 
law.  It  covers  a  range  from  350 
to  515  kc  and  will  respond  to  A2 
or  type-B  (spark)  emission. 

Although  special  high-frequency 
receivers  have  been  built  for  ship¬ 
board  service,  they  possess  few,  if 
any,  points  of  superiority  over  any 
standard,  high-quality  communica¬ 
tions  set.  Generally,  they  use  the 
superheterodyne  principle  and  are 
engineered  for  ruggedness,  reliabil¬ 
ity,  and  compactness  rather  than 
maximum  performance  and  fiexi- 
bility. 


Lifeboat  Radio  Installation 

International  regulations  make 
it  mandatory  that  ocean-going  pas¬ 
senger  vessels  maintain  a  complete 
radiotelegraph  installation  in  one 
motor  lifeboat  where  the  number 


Automatic  Alarm 

Radio  laws  of  the  U.  S.  require 
that  every  ocean-going  passenger 
vessel  and  every  ocean-going  cargo 
vessel  of  1,600  tons  or  over  shall 
maintain  a  continuous  radio  watch 
while  at  sea.  However,  cargo  ves¬ 
sels,  in  lieu  of  additional  personnel 
may  use  an  automatic  alarm  device 
during  the  time  operator  is  not  on 
watch  to  guard  the  international 
distress  and  safety  frequency  of 
500  kc.  The  automatic  device  must 
be  capable  of  responding  exclu¬ 
sively  to  an  international  alarm 
signal  consisting  of  twelve  dashes 
of  four  seconds  length,  spaced  one 
second  apart.  To  actuate,  a  mini¬ 
mum  of  500  /iv  at  the  receiver  input 
is  specified.  The  alarm  signal  must 
precede  all  distress  calls  and  may 
be  used  for  urgent  hydrographic 
or  meteorological  broadcasts. 


Marine  Radiotelephone 

An  increase  in  the  convenience 
and  economy  in  ship-to-shore, 
shore-to-ship,  and  intership  com¬ 
munication  has  been  effected 
through  the  establishment  of  med¬ 
ium-range  marine  radiotelephone 
networks.  On  the  ten  available  fre¬ 
quencies  in  the  2-to-3  me  region  a 
vast  amount  of  information  is  ex¬ 
changed.  Through  complementary 
coastal  harbor  stations  connection 
can  be  made  into  the  land-line  tele¬ 
phone  system. 

Although  certain  large  passenger 
vessels  have  complete  facilities  for 
long-distance  radiotelephone  com¬ 
munication  open  to  public  corre¬ 
spondence,  equipment  on  most 
vessels  is  limited  in  range  to  coastal 
waters  within  coverage  of  harbor 


A  balloon-supported  antenna  Is  used  on 
this  liieboot  equipment.  When  cranked 
it  automatically  sends  out  SOS 
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stations.  Smaller  vessels,  such  as 
tugs,  yachts,  fishing  boats,  pilot 
■  boats,  or  those  whose  routes  do  not 
justify  the  expense  of  a  radio  tele¬ 
graph  station,  have  found  the  ma¬ 
rine  radiotelephone  an  invaluable 
aid  to  piloting  or  in  transacting 
ship  business. 

Shipboard  radiotelephone  equip- 
j  ment,  in  addition,  to  meeting  the 
i  standard  requirements  of  rugged¬ 
ness,  compactness,  operational  sim¬ 
plicity,  and  weatherproofing  has, 
in  its  highest  development,  several 
features  which  increase  its  con¬ 
venience  and  effectiveness.  Since 
it  is  ordinarily  installed  on  the 
bridge  or  in  a  chart  room,  it  is 
operated  by  nontechnical  personnel, 
a  Crystal  control  on  all  frequencies 
is  standard.  A  change  in  carrier 
frequency  is  accomplished  by  one 
switch  and  antenna  retuning.  A 
choice  of  the  method  of  carrier 
interruption  (for  listening-in  pur¬ 
poses)  can  be  made  by  an  operator 
using  a  button  on  his  handset 
which  can  be  released  for  listening, 
or  automatic  operation  of  a  Vodas 
relay  actuated  by  speech  air  pres¬ 
sure  on  handset  transmitter  dia¬ 
phragm. 

The  radio  receiver  allows  selec¬ 
tion  of  pretuned,  spot  frequencies 
corresponding  to  transmitter  set¬ 
tings.  An  automatic  selective 
ringer  can  be  installed  to  permit 
signalling  of  an  individual  ship  by 
transmission  of  coded  impulses 
from  harbor  stations.  Separate 
control  units  for  operation  of 
equipment  on  a  preset  frequency 
from  a  remote  shipboard  position 
can  be  furnished. 

The  marine  radiotelephone  is  in¬ 
valuable  in  cases  of  distress.  The 
Coast  Guard  maintains  a  listening 
watch  on  2,670  kc  on  the  Great 
Lakes  and  the  coasts. 

A  postwar  development  of  great 
significance  is  the  growing  popu¬ 
larity  of  f-m  radiotelephone  in  the 
157  and  162-mc  bands.  Use  of  cer- 
:  tain  frequencies  in  this  region  in 

i  conjunction  with  harbor-approach 

radar  is  expected  to  facilitate  move¬ 
ment  of  traffic  in  high-density 
areas. 

Basic  Radio  Law 

World-wide  regulation  of  radio 
i  communications  in  the  maritime 

1  mobile  service  is  based  on  the 


Modem  radiotelephone  for  mooine  use  in 
pilot  or  chart  room 


Articles  of  the  Convention  for  the 
Safety  of  Life  at  Sea,  London,  1929, 
and  the  International  Telecommu¬ 
nications  Convention  of  Madrid, 
1932,  with  annexed  Radio  Regula¬ 
tions.  Except  for  the  Radio  Regu¬ 
lations,  the  United  States  is  signa¬ 
tory  to  both  these  agreements. 
The  recent  Telecommunications 
Conference  at  Atlantic  City,  under 
auspices  of  the  International  Tele- 
conununications  Union,  revised 
many  extant  regulations  and  made 
certain  frequency  re-allocations. 

Statutory  supervision  of  all  com¬ 
munications  in  the  United  States 
is  pursued  under  authority  of  the 
Communications  Act  of  1934  which 
created  the  Federal  Communica¬ 
tions  Commission.  As  amended  in 
1937,  this  Act  includes  provisions 
of  the  Safety  Convention  for  ship 
radiotelegraph  stations. 

Business  Administration 

Coincident  with  the  development 
of  marine  mobile  communications 
there  has  been  a  comparable  growth 
of  commercial  companies  specializ¬ 
ing  in  the  administration  of  the 
technical,  legal,  and  business  as¬ 
pects  of  marine  radio.  In  the  United 
States  four  of  the  larger  radio 
service  companies.  Tropical  Radio 
&  Telegraph,  Radiomarine  Corpora¬ 
tion  of  America,  MacKay  Radio  & 
Telegraph,  and  Globe  Wireless, 
Inc.,  maintain  extensive  facilities 
•for  servicing  and  operating  radio¬ 
telegraph  and  telegraph  stations 
ashore  and  afloat. 

Many  steamship  companies  main¬ 
tain  their  own  radio  organizations. 

Today,  for  the  ships  of  all  na¬ 


tions,  there  exists  a  standardized, 
world-wide,  radiotelegraph  network 
made  up  of  many  systems  but  co¬ 
ordinated  by  the  various  adminis¬ 
trations  into  a  well-integrated, 
highly  cooperative  facility.  There 
are  few  places  on  the  high  seas 
where  a  merchant  ship  need  remain 
out  of  touch  with  its  home  port  for 
more  than  a  few  hours  at  a  time. 
However,  since  there  can  be  no 
lessening  in  efforts  to  improve 
safety  of  life  and  property  at  sea, 
expedite  ships’  business,  or  improve 
public  convenience  in  communica¬ 
tions,  progress  in  the  marine  radio 
field  will  continue. 

Future  Trends 

Certain  trends  are  already  dis¬ 
cernible;  the  next  decade  should 
see  the  following  adjuncts  widely 
accepted : 

(1)  Universal  adoption  of  crys¬ 
tal  control  on  all  working  frequen¬ 
cies  of  high  and  medium-frequency 
equipment. 

(2)  Replacement  of  many  dis- 
tributed-type  shipboard  •  radio 
stations  by  packaged,  one-unit 
installations. 

(3)  Widespread  use  of  some 
form  of  call-signal  and  SOS-re- 
sponder  device  for  supplementary 
watch-standing  on  ^all  merchant 
ships. 

(4)  Greater  use  of  the  marine 
radiotelephone,  particularly  the  vhf 
f-m  type.  Extension  of  present 
a-m  radiotelephone  ranges  and  use 
of  vhf  f-m  in  conjunction  with 
navigational  aids. 

(5)  Increased  popularity  of  high- 
frequency  bands  for  normal  ship- 
radio  traffic. 

(6)  Installation  of  radio  fac¬ 
simile  on  many  passenger  vessels. 

(7)  Limited  use  of  television  for 
public  entertainment  on  the  larger 
passenger  vessels. 

(8)  Closer  coordination  of  radio 
communication  facilities,  on  shore 
and  aboard  ship,  with  sea  and  air 
safety  and  rescue  work  and  with 
radio  or  electronic  navigational 
systems. 

The  author  wishes  to  thank  the 
Radiomarine  Corporation  of  Amer¬ 
ica,  75  Varick  Street,  N.  Y.,  and  the 
MacKay  Radio  &  Telegraph  Co., 
Inc.,  Marine  Division,  345  Hudson 
Street,  N.  Y.,  for  supplying  pho¬ 
tographs  accompanying  this  article. 
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Soldering 


FIG.  1  —  Expcrimsntal  aonodizing  Mtup. 
Laft  to  right:  24-Tolt  polariring  bottary; 
magnotoatriction  tronaducar  oad  aoldarinq 
iron;  unit  containing  oaciUotor,  loading 
copadtora.  and  controla;  four  50>watt  omp- 


Ot  <1 


The  tinning  of  aluminum  al¬ 
loys  presents  problems  tending 
to  limit  applications  of  soldering. 
Experiments  indicate  that  some  of 
these  problems  can  be  solved  by  vi¬ 
brating  solder  at  an  ultrasonic  rate 
while  applying  it  to  the  work.^  By 
this  method  the  oxide  coating  is  dis¬ 
rupted  and  alloying  of  the  metals 
occurs  before  re-oxidation  of  the 
aluminum  can  take  place. 

The  tinning  of  aluminum  and  its 
alloys  through  the  application  of 
magnetostrictive  forces  to  a  solder¬ 
ing  iron  is  called  sonodizing.  Al¬ 
though  sonodizing  eliminates  the 
use  of  a  flux,  if  wide  enough  differ¬ 
ences  of  surface  potential  exist 
between  the  metallic  boundaries 
corrosion  susceptibility  exists  and 
precautions  must  be  taken  commen¬ 
surate  with  the  conditions  of  ex¬ 


posure. 


Transducer  Selection 


In  order  to  establish  satisfactory 
procedures  for  fluxless  tinning,  it 
was  first  necessary  to  select  a  vi¬ 
bration  generator  that  could  be 
readily  modified  to  serve  as  a  sol¬ 
dering  iron.  Selection  of  suitable 
equipment  required  analysis  of  the 
characteristics  of  several  types  of 


FIG.  2 — Magnetostriction  transducer  with 
solid  tinning  tip  and  (right)  with  brush-type 
tip 
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Aluminum  Alloys 


Work  is  accomplished  experimentally  by  vibrating  the  iron  tip  at  an  ultrasonic  frequency 
by  means  of  a  vacuum-tube  driven  magnetostriction  oscillator,  to  remove  surface  oxida¬ 
tion.  Method  is  also  applicable  to  stainless  steel,  chromium-plated  and  other  hard-to-solder 

surfaces 
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Diagram  showing  setup  for  tinning  aluminum  alloys.  A  switch  (not  shown!  permits 
paralleling  of  4.  7.5  or  15-ohm  amplifier  taps 


existing  generators.  The  four  types 
considered  were:  (1)  magnetro- 
striction,  (2)  electromagnetic,  (3) 
gas,  and  (4)  quartz  crystal. 

The  deciding  factor  which  influ¬ 
enced  the  selection  of  the  magneto¬ 
striction  unit  was  the  ease  with 
which  the  magnetostrictive  element 
could  be  modified  and  equipped 
with  a  suitable  tip.  Such  a  trans¬ 
ducer  can,  in  fact,  be  fabricated  so 
that  the  vibrating  element  itself  is 
capable  of  withstanding  direct  im¬ 
mersion  in  molten  metals  and  can 
be  used  directly  as  a  soldering  iron. 

Transducer  Characteristics 

A  magnetostriction  generator  of 
the  type  described  by  Pierce-  has 
an  effective  frequency  range  of  1 
to  50  kc.  Amplitudes  of  0.0001  to 
approximately  0.001  cm,  which  is 
the  rupture  point  of  nickel,  can  be 
obtained.  Power  up  to  10,000  watts 
may  be  used.  Less  than  15  watts 
acoustic  output  is  impractical  w'here 
mechanical  vibration  is  the  objec¬ 
tive.  Transducer  efficiency,  which 
is  the  measure  of  coil  output  avail¬ 
able  as  mechanical  power  or  acous¬ 
tic  energy,  seldom  exceeds  15  per¬ 
cent.  Operating  temperature  of 
the  magnetostrictive  tube  within 
the  coil  is  limited  by  the  Curie  point 
of  the  metal  (300  F  for  Invar) ,  but 
tip  temperature  of  800  F  can  be 
maintained  for  short  intervals. 


The  electromagnetic  generator^  is 
simpler  and  less  costly  than  the 
magnetostrictor,  but  it  is  applicable 
mainly  to  low-frequency  work  with 
large  volumes  of  fluid  on  a  continu¬ 


ous  basis.  Similarly,  a  generator 
such  as  the  Galton  whistle*  has 
some  desirable  features  but  it  has 
a  transducer  efficiency  of  only  5 
percent  and  is  not  as  readily  con- 
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FIG.  3  —  Photomicroqrcqith  ■bowing  (bot- 
lom)  alloy,  aluminum  dadding.  and  (top) 
■older 


trolled  as  electronic  devices.  Again, 
the  quartz-crystal  oscillator  is  suit¬ 
able  for  work  requiring  precise 
control,  but  unsuited  at  present  to 
sudden  temperature  changes  re¬ 
quired  hi  fluxless  soldering.  Frac¬ 
ture  of  the  crystal  is  likely  to  occur. 

The  magnetostriction  generator 
constructed  by  the  authors  with  the 
assistance  of  Richard  W.  Powell  of 
Lockheed,  and  Bodine  Sound  Drive, 
is  pictured  in  Fig.  1  and  has  four 
component  parts:  (1)  four  paral¬ 
leled  50-watt  amplifiers,  including 
an  output  meter  and  a  switch  for 
selection  of  various  amplifier  out¬ 
put  taps;  (2)  a  capacitor  loading 
unit;  (3)  an  oscillator  tunable  from 
7  to  70  kc  and  a  magnetostriction 
unit,  the  essential  components  of 
which  include  the  magnetostrictor 
coil  consisting  of  a  helix  of  45  turns 
of  4-strand  no.  18  Formex-insulated 
copper  wire  wound  in  two  layers  on 
a  Micarta  frame.  The  coil  is  Six 
li-inches  inside  diameter  and  was 
designed  to  operate  one-half  of  the 
metal  transducer  element,  thus 
freeing  the  lower  half  of  the  nickel 
tube. 

Polarizing  Coil 

Because  magnetostriction  is  in¬ 
dependent  of  the  sense  of  the 
magnetic  field,  a  polarizing  coil  con¬ 
sisting  of  950  turns  of  no.  16  insu¬ 
lated  copper  wire  was  required. 
The  solenoid  is  mounted  between 
two  soft  iron  plates  to  form  a  mag¬ 
netic  circuit.  The  arms  of  the  pole 
pieces  are  shielded  by  wrapping 
with  copper  to  prevent  interaction 
between  the  magnetostrictor  and 
polarizing  coil. 

The  nickel  tube,  supplied  by  the 
International  Nickel  Co.,  is  9  inches 
long,  1  inch  outside  diameter,  and 
has  a  1/32-inch  wall  thickness. 
Nine  longitudinal  slots  1/32  inch 
long  were  cut  in  the  tube  along  the 


section  enclosed  in  the  energizing 
helix  to  reduce  heating.  The  solder¬ 
ing  tip  consists  of  a  i-inch  stain¬ 
less-steel  rod,  4  inches  long,  silver 
soldered  to  the  end  of  the  nickel 
tube.  A  Nichrome  heater  coil  is 
wound  on  a  tube  which  maintains  a 
loose  sliding  fit  on  the  tip  so  that 
unnecessary  mechanical  loading  is 
avoided. 

The  transducer  is  pictured  in 
Fig.  2.  The  oscillator  helix  is 
mounted  so  as  to  cover  one  half  of 
the  transducer  element.  Iron  arms 
enclosing  the  polarizing  coil  sup¬ 
port  both  units.  The  magneto¬ 
strictor  tube  is  supported  at  its  cen¬ 
ter  of  mass  in  the  dural  holder 
shown  in  Fig.  2.  The  control  equip¬ 
ment  is  mounted  in  two  separate 
racks  (Fig.  1). 

Equipment  Operation 

To  operate  the  system  the  power- 
amplifier,  oscillator  and  polarizer- 
coil  circuits  are  energized.  The  os¬ 
cillator  is  tuned  to  give  maximum 
vibrational  intensity,  activating 
the  metal  tube  at  resonance.  The 
capacitance  across  the  magneto¬ 
strictor  coil  is  adjusted  to  give 
maximum  deflection  of  the  ammeter 
in  this  circuit.  Amplifier  imped¬ 
ances  are  adjusted  for  maximum 
output.  Power  is  controlled  by  ad¬ 
justing  gain  on  the  amplifier  bank. 
Field  strength  of  the  polarizer  coil 
is  altered  to  give  maximum  mag- 
netostrictive  effect. 

After  the  circuit  is  stabilized,  the 
Variac  is  set  to  give  proper  tip  tem¬ 
perature  and  the  solder  is  applied 
and  allowed  to  flow  around  the  tip 
and  onto  the  metal  to  be  tinned. 
The  operation  produces  an  intense 
hissing  and  chattering  noise  which 
can  be  used  by  the  operator  to  gage 
working  efficiency.  When  the  work 
under  the  tip  area  reaches  the  tem¬ 
perature  of  melting  solder,  two  or 
three  rapid  passes  of  the  tip  gen¬ 
erally  produce  satisfactory  tinning. 

As  the  metal  surface  does  not 
ordinarily  need  cleaning,  pre-etch¬ 
ing  or  fluxing,  corrosion  is  not  a 
factor  in  the  operation.  An  iron- 
wire  brush  tip  was  found  to 
work  well  in  some  instances,  with 
the  added  advantage  that  it  more 
readily  reaches  inaccessible  areas, 
scaled  spots  and  scratches.  Gog¬ 
gles  and  respirator  are  worn  by  the 
operator  as  the  tendency  of  the 


FIG.  4 — Tinned  dural  paneU 


brush  or  tip  to  throw  metal  consti¬ 
tutes  a  hazard. 

With  the  apparatus  operating  at 
8  kc,  tests  have  been  made  on  alu¬ 
minum  and  its  alloys,  notably  25ST 
and  75ST,  as  well  as  stainless  steel, 
chromium-plated  surfaces  and  ano¬ 
dized  and  dyed  aluminum.  Typical 
results  are  shown  in  Fig.  3  and  4. 

Stainless  steel  tinned  easily 
when  a  small  amount  of  cadmium 
was  added  to  the  solder  as  a  wet¬ 
ting  agent.  The  same  was  true 
with  chromium-plated  surfaces. 
Phenolic  strips  were  metallized 
with  zinc,  lead,  cadmium  and  alu¬ 
minum.  Castolin  eutectic  19B  sol¬ 
der  was  used.  Anodized  and  dyed 
aluminum  tinned  satisfactorily,  but 
required  a  longer  time  than  bare 
alloy  surfaces.  Ferrous  metals  such 
as  1010  and  4130  steel  do  not  tin 
readily,  requiring  greater  energ>’ 
output  and  greater  solder  wettabil¬ 
ity.  Aluminum  aircraft-generator 
cable  tips  and  lugs  were  tinned  and 
then  sweated  together,  resulting  in 
very  low  contact-resistance. 

Tested  applications  include  the 
following : 

Joining  dural  tubing  —  Teat  samples 
showed  average  strength  of  3,000  pai. 

Assembly  of  dural  chassis  for  electrical 
units — Flat  panels  satisfactorily  joined. 

Hot-air  duct  assembly — Initial  testa  on 
O.OOi-inch  and  0.020-inch  dural  satisfac¬ 
tory. 

Replacement  for  metal-to-metal  adhe¬ 
sives — Indicated  success,  but  not  yet  thor¬ 
oughly  investigated. 

Airfoil  smoothing  —  Scratched  and 
gouged  aluminum  surfaces  satisfactorily 
filled. 

Anodized  dural  surfaces — Heavily  ano¬ 
dized  and  dyed  dural  surfaces  were 
tinned  directly. 

Other  applications  will  no  doubt 
be  disclosed  by  continuing  experi¬ 
mental  tests. 
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Rocket-Engine  Tester 


Photoelectric  unit  utilizing  Polaroid  discs  to  generate  sine  wave  checks  speed  of  fuel 
pumps  operating  at  40,000  rpm  and  measures  torque  required  to  overcome  drag 


produced  on  the  oscilloscope  screen  the  Polaroid  generator.  An  identi- 
when  the  audio  oscillator  is  tuned  cal  arrangement  is  used  on  the 

to  the  frequency  of  the  Polaroid  torque  end  of  the  shaft.  This  pro¬ 

generator.  The  frequency  of  the  duces  another  spot  on  the  circle, 
audio  oscillator  multiplied  by  thirty  superimposed  directly  upon  the  first 
gives  the  revolutions  per  minute  spot, 
of  the  shaft  when  the  Polaroid  gen¬ 
erator  provides  two  cycles  per  revo¬ 
lution.  .  • 

Also  mounted  on  the  pump  driv¬ 
ing  shaft  is  an  opaque  disc  with  a 
slit  0.008  inch  wide  and  i"  long,  cut 
on  the  outer  periphery.  A  light 
source,  lens  and  phototube  system 
much  the  same  as  that  used  in  the 
Polaroid  sine-wave  generator  is 
employed.  Phototube  output  is  fed 
through  voltage  amplifier  to  the  Z 
axis  of  the  oscilloscope.  A  dark  spot 
appears  on  the  circle  developed  by 


By  A.  E.  GERSCH 

Engineer 

Jfarotta  Engineering  Co. 
Boonton,  New  Jersey 


Rocket-powered  engines  of  one 
particular  tjrpe  employ  two 
kinds  of  fuel.  To  feed  these  two 
propellants  to  the  engine  a  turbo- 
driven  pump  having  an  impeller  at 
each  end  is  used. 

A  seal  is  required  at  each  end  of 
the  pump-turbine  shaft,  which  is 
driven  at  speeds  up  to  40,000  rpm. 
In  order  to  determine  the  life  of  the 
seals  during  development  it  was 
necessary  to  measure  both  speed 
and  torque.  This  had  to  be  ac¬ 
complished  without  adding  external 
torque,  and  the  following  descrip¬ 
tion  explains  how  it  was  done  elec¬ 
tronically. 


Method  of  Measurement 

The  spot  remains  true  as  long  aa 
no  load  is  applied  on  the  torque  side 
of  the  pump.  However,  when  loads 
are  applied  this  produces  an  angu¬ 
lar  displacement  of  the  torque  mem¬ 
ber,  which  moves  the  superimposed 
spot  an  equivalent  angle.  The  angu¬ 
lar  displacement  is  measured  be¬ 
tween  the  stationary  spot  and  the 
moved  spot,  by  placing  a  polar-co- 
ordinate  chart  in  front  of  the  oscil¬ 
loscope  tube. 


Principle  of  Operotion 

As  shown  in  the  diagram,  a  ro¬ 
tating  Polaroid  disc  and  a  station¬ 
ary  Polaroid  disc,  in  combination 
with  a  system  of  light  sources, 
lenses,  and  phototubes,  comprise 
the  sine-wave  generator  of  the  test 
device. 

The  rotating  Polaroid  disc  is 
mounted. on  the  pump  driveshaft. 
Directly  in  front  of  it  two  light 
sources  and  lenses  are  mounted  on 
a  stationary  bracket.  In  back  of 
the  rotating  Polaroid  disc  are  the 
stationary  Polaroid  disc  and  two 
phototubes.  These  are  spaced  90 
degrees  apart  to  produce  similar 
electrical  phase-shift. 

The  output  of  the  phototubes  is 
fed  to  two  voltage  amplifiers.  One 
of  these  amplifiers  is  connected  to 
the  X  axis  of  an  oscilloscope.  The 
output  of  the  other  amplifier  is 
connected  to  the  input  of  an  elec¬ 
tronic  switch,  and  the  output  of 
the  electronic  switch  is  connected 
to  the  Y  axis  of  the  oscilloscope. 
To  the  other  input  of  the  electronic 
•switch  an  audio  oscillator  is  con¬ 
nected. 

A  circle  of  4-inch  diameter  is 
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handle  almost  all  of  the  devices  en-  nally  used  in  the  terrain  clearance 
countered  by  the  radio  engineer  in  meter.^  It  consists  essentially  of  a 
the  design  and  development  of  wide-range  sweeping  oscillator^' 
present-day  vhf  and  h-f  equipment,  which  is  arranged  to  propagate 
The  instrument  is  a  frequency-  a  frequency-modulated  signal 
scanning  reflection  meter  designed  through  a  transmission  system  of 
for  operation  anywhere  in  the  finite  propagation  time.  This 
range  from  10  to  250  megacycles,  propagation  time  is  such  that  at 
At  any  frequency  within  this  range  any  instant  the  reflected  energy 
it  will  rapidly  scan  a  bandwidth  of  received  back  from  the  far  end  of 
up  to  30  megacycles.  Its  output  the  system  will  be  of  a  measurably 
signal,  suitable  for  use  with  any  different  frequency  from  that  being 
oscilloscope,  is  proportional  to  the  fed  into  its  input, 
amount  of  energy  reflected  from  The  pitch  of  the  beat  note  pro- 
the  end  of  a  transmission  delay  line  duced  by  combining  the  incident 


IMPEDANCE  MEASUREMENTS  can  be 
made  at  radio  frequencies  by 
several  methods  and  techniques,  us¬ 
ing  such  instruments  as  the  radio 
frequency  bridge,  the  slotted  line, 
the  Q  meter  and  the  combination 
of  a  calibrated  signal-generator 
with  standardized  r-f  ammeter, 
voltmeter  or  reference  impedance. 
Each  of  these  methods  has  its  own 
particular  type  of  utility.  How¬ 
ever,  in  determining  the  impedance- 
versus-frequency  curve  of  a  partic¬ 
ular  device,  all  require  tedious 
point-by-point  measurements. 


^  ‘fit  1 

f  ■  •  1 

■  .jfsSr 

/A 

A  new  instrument  has  •  been  to  which  the  device  or  system  under  and  reflected  waves  in  an  internally- 


developed  which  provides  an  instan-  test  has  been  connected. 


taneous  and  visually-presented  de¬ 
termination  of  impedance  versus 
frequency.  The  design  of  the  in¬ 
strument  is  such  as  to  enable  it  to 
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Principle  of  Operation 


The  instrument,  shown  in  Fig.  1 
and  2,  embodies  a  principle  origi- 


contained  detector  circuit  is  pro¬ 


portional  to  the  rate  at  which  the 
frequency  is  being  varied  and  to 
the  propagation  time  of  the  trans¬ 
mission  system.  The  amplitude  of 
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FIG.  3 — Frequency  ts  time  relationships 
existing  at  the  beot.note  detector 


FIG.  4 — Amplitude  ts  time  relationships 
existing  at  the  beat-note  detector 


Instrument  using  principle  similar  to  that  employed  in  aircraft  f-m  terrain-clearance  indi¬ 
cators  scans  bandwidths  up  to  30  me  in  the  range  between  10  and  250  me.  Details  of  design 
are  given  and  the  method  of  operation  is  described,  using  termination  of  an  r-f  transmission 

line  as  an  example 


the  beat  note  is  proportional  to  the 
amplitude  of  the  reflected  wave. 

With  reference  to  Fig.  3  and  4, 
the  conditions  which  prevail  are  as 
follows : 

(1)  An  r-f  voltage  of  amplitude 
A  is  linearly  frequency-modulated 
between  the  limits  fi  and  /,  by  a 
sawtooth  waveform  of  period  T. 

(2)  This  voltage  is  applied  to  a 
transmission  line  whose  terminat¬ 
ing  impedance  Zi  does  not  equal  its 
characteristic  impedance  Z,. 

f3)  The  reflected  energy  due 
to  this  inequality  is  received  back 
at  the  input  after  a  delay  time  t 
equal  to  twice  the  propagation  time 
along  the  transmission  line. 

When  attenuation  in  the  trans¬ 
mission  line  is  assumed  to  be  neg¬ 
ligible  and  p  is  taken  as  the  trans¬ 


mission-line  reflection  factor  equal 
to  (Zt  —  Z,)/(Zi,  +  Z.)  the  volt¬ 
age  amplitude  of  the  reflected  wave 
will  be  p  times  the  amplitude  of  the 
applied  wave.  The  total  frequency 
excursion  A  /  of  the  reflected  wave 
will  be  the  same  as  that  of  the 
applied  wave.  The  frequency  of 
the  beat  note  is  given  by 

^  =  f  (A  -  /i)  =  (1) 

The  beat  note  exists  for  a  length 
of  time  equal  to  T  —  T',  where  T' 
is  the  time  of  the  return  sweep. 
At  the  end  of  this  time,  for  the 
'brief  interval  T',  a  transient  fre¬ 
quency  is  set  up  as  the  applied  wave 
snaps  back  from  /,  to  /»  to  repeat 
the  sweeping  sequence. 

To  a  first  order  of  magnitude,  it 
is  necessary  that  the  beat-note 


frequency  be  such  that  at  least  one 
full  cycle  of  the  beat  note  is  com¬ 
pleted  during  the  time  interval  T. 
As  is  apparent  from  Fig.  4,  this 
condition  must  be  fulfilled  if  a 
closely  sinusoidal  beat-note  wave¬ 
form  is  to  be  obtained.  Therefore 

l/F  (2) 

For  the  case  where  T  =  l/F,  sub¬ 
stituting  for  T  in  Eq.  1  gives 

A/  =  1/r  (3) 

In  order,  therefore,  to  secure  at 
least  one  full  cycle  of  beat  note,  the 
total  frequency  deviation  must 
equal  the  inverse  of  the  total  propa¬ 
gation  time  outward  and  back 
through  the  transmission  line.  The 
amount  of  frequency  excursion 
during  one  cycle  of  beat  note  will 
determine  the  frequency  resolution 
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vated  support  about  80  feet  from 
the  point  at  which  the  test  instru¬ 
ment  is  most  conveniently  located, 
and  an  attached  100-foot  length  of 
53.5-ohm  coaxial  cable  is  brought 
down  to  the  test  location.  It  is 
desired  to  observe  visually  the  re¬ 
flected  energy  from  this  antenna 
over  the  frequency  range  of  40  to 
70  megacycles,  and  this  informa¬ 
tion  is  desired  with  a  frequency 
resolution  of  about  2  megacycles. 

The  ratio  of  total  sweep  width  to 
desired  frequency  resolution  is 
30/2  =  15,  so  that  15  full  cycles  of 
beat-note  output  per  sweep  are 
required.  Hence,  modifying  Eq.  3 
for  this  case. 

Af  =  15  (1/r)  (4) 

so  that 

T  —  15/30  =  0.5  microsecond  (5) 

The  same  figure  may  be  arrived  at 
by  noting  that  the  2-megacycle 
resolution  requirement  is  equiva¬ 
lent  to  saying  that  the  applied  fre¬ 
quency  must  shift  at  the  rate  of  2 
megacycles  per  beat-note  cycle.  It 
then  follows  directly  from  Eq.  3 
that  T  =  i  microsecond. 

A  two-way  delay  of  0.5  micro¬ 
second  requires  a  one-way  length 
of  solid-dielectric  coaxial  cable  of 
166  feet.  Since  the  100-foot  feeder 
cable  is  already  available  exter¬ 
nally,  it  is  only  necessary  to  add  a 
single  66-foot  length  of  internal 
cable  from  that  available  in  the 
instrument  to  make  up  the  neces¬ 
sary  transmission  system.  The 
setup  is  as  follows : 

A  patching  cable  is  connected  be¬ 
tween  connectors  Pi  and  P,.  Another 
patching  cable  is  connected  between 
P»  andPi.  The  feed  cable  from  the 
antenna  is  connected  to  P».  The 
sweeping  output  is  set  up  for  a 
center  frequency  of  55  megacycles, 
with  the  60-cps  sawtooth  generator 
set  for  30  megacycles  of  total  sweep 
width  (the  2,000-cps  sweep  is  set  to 
zero  for  this  particular  applica¬ 
tion).  The  60-cps  sawtooth-sweep 
output  terminals  are  connected  to 
the  horizontal  sweep  input  of  any 
commercial  oscilloscope,  and  the 
output  of  the  band-pass  audio  amp¬ 
lifier  is  connected  to  the  vertical 
input  of  the  oscilloscope. 

The  visual  pattern  of  the  desired 
data  will  resemble  the  sketch  of 
Fig.  6.  The  15  complete  beat-note 
cycles,  swept  every  1/60  of  a  second 
(F  =  900  cps),  are  modulated  by 


mitting  sweep  excursions  of  up  to  5 
megacycles.  The  60-cps  sweep  rate 
is  intended  for  very-high-fre¬ 
quency  (30  to  250  megacycles)  * 
broadband  work,  whereas  the  2,000 
cps  sweep  rate  is  designed  for  high- 
frequency  (10  to  50  megacycles) 
medium  and  narrow-band  work. 

With  the  various  combinations 
of  transmission  line  lengths  in¬ 
cluded  in  the  instrument,  total 
delay  times  of  0.2,  0.4,  0.6,  0.8  and 
1.0  microseconds  are  available. 
From  Eq.  3  the  respective  sweep 
widths  for  obtaining  one  complete 
cycle  of  beat  note  output  are  5.0, 
2.5,  1.67,  1.25  and  1.0  megacycles. 
For  the  condition  of  two  full  cycles 
of  beat-note  output  per  sweep,  the 
above  sweep  widths  are  doubled; 
for  three  full  cycles  of  beat  note, 
the  sweep  widths  are  tripled;  and 
so  on.  This  permits  operation  of 
the  instrument  under  a  wide  vari¬ 
ety  Of  conditions,  using  either  the 
high-frequency  sweep  rate  or  the 
low-frequency  sweep  rate  as  the  in¬ 
dividual  case  may  dictate,  and 
patching  in  suitable  lengths  of  in¬ 
ternal  or  external  transmission  line 
as  required. 

Applications 

One  typical  use  of  the  instrument 
is  described  in  the  following  para¬ 
graphs. 

Suppose  it  is  necessary  to  evalu¬ 
ate  the  impedance  of  a  coaxial- 
sleeve  broad-band  vertical  dipole 
antenna  designed  for  operation  in 
the  50  to  60  megacycle  region  from 
53.5-ohm  coaxial  transmission  line. 
The  antenna  is  mounted  on  an  ele- 


of  a  particular  reflection  measure¬ 
ment. 

Description  of  Instrument 

In  the  instrument,  a  band-pass 
audio  amplifier  with  variable  gain 
is  used  in  conjunction  with  the 
beat-note  detector.  This  combina¬ 
tion  results  in  high  sensitivity  of 
measurement  of  reflected  energy. 
In  order  to  reach  the  best  com¬ 
promise  between  high  gain,  good 
stability  and  low  susceptibility  to 
disturbance  from  unwanted  sig¬ 
nals,  the  amplifier  is  designed  with 
a  pass  band  of  from  300  to  6,600 
cycles  per  second.  The  beat-note 
detector  is  a  silicon-crystal  diode 
and  the  frequency-sweeping  signal 
generator  is  an  oscillator*  plus  an 
auxiliary  2,000-cps  sawtooth  modu¬ 
lator  of  the  phantastron  type. 
Three  fixed  lengths  of  RG-58/U 
coaxial  transmission  line  are  in¬ 
cluded  internally  to  provide  a  suit¬ 
able  transmission  delay  for  most  of 
the  applications  generally  en¬ 
countered.  The  propagation  veloc¬ 
ity  along  this  type  of  line  is  about 
660  feet  per  microsecond. 

The  diagram  of  Fig.  5  shows  the 
essential  elements  of  the  frequency¬ 
scanning  reflection  meter.  The  por¬ 
tion  within  the  dotted  line  is  the 
oscillator  with  its  normal  60-cps 
sawtooth  frequency  modulation  ap¬ 
plied  to  the  high-level  (local)  oscil¬ 
lator.  The  frequency  excursion 
can  be  adjusted  to  as  high  as  30 
megacycles  or  more.  The  adjust¬ 
able  output  of  the  2,000-cps  saw¬ 
tooth  modulator  is  applied  to  the 
low-level  (signal)  oscillator,  per- 
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an  envelope  whose  amplitude  repre¬ 
sents  the  amount  of  reflected 
energy  as  a  function  of  instantan¬ 
eous  frequency.  As  can  be  seen, 
the  reflected  energy  approaches  zero 
in  the  region  of  56  megacycles,  at 
which  point  the  antenna  impedance 
closely  matches  the  characteristic 
impedance  of  the  transmission  line. 
At  either  extreme  of  the  frequency 
excursion  the  reflected  energy  ap¬ 
proaches  that  which  would  be  ob¬ 
tained  if  the  transmission  line  were 
terminated  in  an  open  circuit.  It  is 
thus  possible  to  tell  at  a  glance  just 
how  effectively  a  given  antenna 
matches  its  transmission  line,  and 
over  how  wide  a  frequency  band 
it  does  so. 

Tronsmission>Line  Attenuation 

Since  attenuation  is  present  to 
some  extent  in  all  practical  trans¬ 
mission  systems,  the  amplitude  of 
the  reflected  voltage  wave  as  re¬ 
ceived  back  at  the  beat-note  de¬ 
tector  is  not  strictly  equal  to  p 
times  the  voltage  amplitude  of 
the  applied  wave,  but  is  Vp  times 
this  amplitude,  where  iri  is  the 
voltage  attenuation  ratio  suffered 
by  the  wave  in  traversing  the 
length  of  the  line  one  way.  How¬ 
ever,  it  remains  true  that  the  ampli¬ 
tude  of  the  reflected  wave  received 
back  at  the  beat  note  detector  is 
proportional  to  the  magnitude  of 
the  reflection  factor.  For  an  open- 
circuited  or  short-circuited  termi¬ 
nation  of  the  transmission  line  the 
magnitude  of  p  is  always  unity. 
For  an  arbitrary  terminating  im¬ 
pedance  it  is  possible  to  evaluate 
the  magnitude  of  the  reflection 
factor,  and  hence  the  magnitude  of 
the  terminating  impedance,  by  the 
following  procedure: 

First,  the  transmission  line  to  be 
used  is  terminated  in  a  short-cir¬ 
cuit,  corresponding  to  a  reflection 
factor  of  amplitude  unity,  and  the 
amplitude  of  the  resultant  beat 
note  is  adjusted  to  any  convenient 
reference  value,  such  as  two  inches 
peak-to-peak.  Then  the  arbitrary 
terminating  impedance  is  con¬ 
nected  across  the  transmission  line 
in  place  of  the  short-circuit  and  the 
peak-to-peak  height  of  the  resultant 
beat-note  wave  displayed  on  the  os¬ 
cilloscope  screen  is  measured.  The 
ratio  of  the  height  at  any  particu¬ 
lar  frequency  to  the  two-inch  refer¬ 


ence  height  is  then  the  magnitude 
of  the  reflection  factor  at  that  fre¬ 
quency.  The  phase  angle  of  the 
reflection  factor  may  be  obtained 
by  comparing  the  phase  of  the  beat- 
note  wave  at  any  particular  fre¬ 
quency  to  the  phase  of  the  two-inch 
reference  wave.  With  this  infor¬ 
mation,  the  terminating  impedance 
may  then  be  calculated  with  the  aid 
of  the  Smith  Chart. 

From  the  above  description  it  is 
apparent  that  a  knowledge  of  the 
transmission-line  attenuation  is 
not  essential  to  the  operation  of 
the  instrument.  However,  exces¬ 
sive  transmission  line  attenuation 
is  to  be  avoided  since  there  is  a 


FIG.  6 — Typicol  Tisual  presentation  oi  re¬ 
flected  energy  on  an  oscilloscope  screen 


practical  limit  even  in  the  most 
carefully  manufactured  delay  cable 
or  transmission  line  to  the  uni¬ 
formity  of  characteristic  imped¬ 
ance  with  length.  The  minute 
irregularities  in  Z,  which  exist 
cause  small  reflections  to  occur 
early  in  the  line  which  may  com¬ 
pletely  mask  the  reflection  due  to 
the  terminating  impedance  when 
the  cable  attenuation  per  unit 
length  is  high  and  the  line  length 
large.  It  is  fortunate  that  for  vhf 
applications,  where  the  transmis¬ 
sion  line  attenuation  is  rather  high, 
it  is  generally  satisfactory  to  work 
with  frequency  resolutions  of  the 
order  of  about  three  megacycles. 

Transmission-line  lengths  of  the 
order  of  100  feet  may  then  be  em¬ 
ployed  without  excessive  total  atten¬ 
uation.  For  frequencies  below  the 
vhf  range  the  transmission-line  at¬ 
tenuation  is  conveniently  low,  so 
that  longer  lengths  may  be  used 
to  achieve  the  finer  absolute  fre¬ 
quency  resolution  which  is  usually 


desired  here.  A  relative  frequency 
resolution  of  from  2  percent  to  5 
percent  of  the  center  frequency  is 
satisfactory  in  most  cases.  The 
sum  of  the  lengths  of  cable  con¬ 
tained  within  the  instrument  pro¬ 
vides  a  minimum  absolute  fre¬ 
quency  resolution  of  about  one 
niegacycle.  For  narrower  resolu¬ 
tions  than  this,  the  addition  of  a 
suitable  length  of  external  trans¬ 
mission  line  is  required.  Similarly, 
if  resolutions  of  less  than  about  2 
megacycles  are  desired  in  the  upper 
portion  of  the  vhf  band  it  will 
probably  be  necessary  to  use  a  suit¬ 
able  length  of  lower-loss  transmis¬ 
sion  line  than  that  contained  within 
the  instrument. 

Operation  With  Balanced  Circuits 

For  measurement  of  balanced 
impedances  two  methods  have 
proved  satisfactory.  The  first 
method  involves  the  use  of  coaxial 
transmission  line  in  conjunction 
with  a  suitable  balanced-to-unbal- 
anced  transformer  to  connect  the 
impedance  to  be  measured  to  the 
line.  The  second  method  makes 
use  of  an  external  length  of  bal¬ 
anced  transmission  line  of  the 
twin-lead  type  developed  for  use 
with  present-day  television  and 
f-m  receivers.  This  transmission 
line  may  be  set  up  in  the  labora¬ 
tory  by  stringing  a  suitable  length 
back  and  forth  between  pegs  lo¬ 
cated  on  the  walls  in  such  positions 
that  the  sections  of  line  thus 
formed  are  spaced  two  or  three 
feet  from  each  other.  The  balanced 
impedance  to  be  measured  may 
then  be  connected  to  one  end  of 
this  line,  while  the  other  end  of 
the  line  is  connected  to  the  coaxial 
output  connector  of  the  instru¬ 
ment. 

Tests  have  shown  that  this  type 
of  balanced  transmission  line  ar¬ 
rangement  then  acts  as  its  own 
balanced-to-unbalanced  conversion 
system  to  a  satisfactory  degree. 
Futhermore,  tests  have  also  shown 
that  transmission-line  impedances 
of  from  50  to  300  ohms  may  be 
used  without  encountering  trouble 
from  second-time  reflected  waves. 
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The  sofar  system  is  based  on  a 
phenomenon  in  the  field  of  sound 

physics  which  was  verified  experi-  By  W.  W.  STIFLER,  Jr.  and  W.  F.  SAARS 

mentally  durincf  the  war.  This  Engineering  Research  Associates,  Jnc.  U.  S.  Navy  Underwater  Sound  Lab. 

®  '  Washington,  D.  C.  New  London,  Cotin. 

phenomenon,  which  has  been 
called  the  sound  channel  effect,  is 
the  result  of  refraction  of  sound 
waves  by  layers  of  water.  Practic- 
ally  speaking,  because  of  these  re¬ 
fraction  effects,  there  is  a  horizon¬ 
tal  channel  deep  down  in  the  ocean 

through  which  the  sound  of  an  ex-  temperature  and  pressure.  The  Hole  Oceanographic  Institution, 

plosion  can  travel  for  thousands  of  velocity  decreases  with  decreasing  At  depths  of  less  than  about 
miles.  temperature  and  increases  very  4,000  feet  (this  critical  depth  var- 

Sound  waves,  like  light  waves,  slightly  with  increasing  pressure,  ies  from  ocean  to  ocean),  the 

are  bent  as  they  travel  through  Generally  speaking,  temperature  variation  in  temperature  is  re¬ 
media  in  which  the  velocity  of  prop-  decreases  with  depth.  At  the  same  latively  more  important  than  the 

agation  varies.  Such  refraction,  time,  the  hydrostatic  pressure  in-  change  due  to  pressure  vaiiation. 

caused  by  velocity  changes  in  the  creases.  The  two  effects,  therefore.  Below  this  depth,  there  is  practic- 

water,  is  accountable  for  the  sound  work  in  opposition.  This  effect  can  ally  no  change  in  temperature,  but 

channel  effect.  be  seen  graphically  in  Fig.  1,  which  because  of  increasing  pressure  the 

In  the  open  sea,  the  velocity  of  was  prepared  from  studies  of  the  velocity  increases.  The  4,000-ft 

sound  is  dependent  primarily  on  North  Atlantic  Ocean  by  the  Woods  level,  therefore,  becomes  a  stratum 
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SOFAR,  from  the  initial  letters 
of  the  words  SOund  Fixing 
And  Ranging,  is  the  code  name  of  a 
position-determining  system.  The 
sound  transmissions  on  which  it  de¬ 
pends  have  been  heard  all  the  way 
from  Dakar  to  the  Bahamas.  The 
system  was  designed  specifically  as 
a  rescue  measure  in  locating  cast¬ 
aways  at  sea  or  survivors  from  a 
ditched  plane. 

In  operation,  the  castaway  drops 
a  bomb  weighing  1  to  4  pounds 
into  the  water.  The  bomb  has  been 
set  to  explode  at  a  depth  of  about 
three-quarters  of  a  mile.  Observ¬ 
ers  at  each  of  three  or  more  con¬ 
tinuously  operating  receiving  sta¬ 
tions  time  the  instant  of  arrival  of 
the  peak  isound  pressure  to  the 
nearest  tenth  of  a  second.  The 
bomb  is  then  located  on  one  of -a 
family  of  hyperbolas  confocal  to  a 
pair  of  receiving  stations.  Any 
two  of  the  three  observation  points 
constitutes  a  pair  and  the  fix,  or  ac¬ 
tual  location  in  terms  of  latitude 
and  longitude,  is  the  point  at  which 
two  lines  of  position  cross.  The 
lines  of  position  are  generated 
by  the  differences  in  time  of  arrival 
of  the  underwater  signal. 

The  geometry  is  comparable  to 
that  of  navigational  systems  like 
loran  except  that  the  transmitting 
and  receiving  stations  are  inter¬ 
changed.  Accuracy  of  a  fix  is  within 
five  miles  at  a  range  of  2,000  miles. 

Sound  Channel  Effect 


SOUND  \  CHANNEL 


4  20  0  8,000  4,900  5,000  5,(00 

TEMPERATURE  IN  DEG  C  HYDROSTATIC  PRESSURE  IN  VELOCITY  OF  SOUND  IN 

PSI  FT  PER  SEC 


FIG.  1 — Graphic  explanation  of  the  Bound  chonnel  effect  upon  which  the  lofar 

■ystem  depends 


SOFAR 


A  hyperbolic  position-determining  system  that  depends 
upon  propagation  of  sound^  from  a  bomb  exploded  at  a 
4,000-foot  depth  in  the  ocean.  Accuracy  of  fixes  is  within 
five  miles  at  2,000-mile  range.  Continuous  monitoring 
equipment  used  to  time  arrival  of  impulse  is  described 


FIG.  2 — Experimental  aoiar  receieing  ■lotion.  Recorder!  and  timing  equipments  are 
in  smaller  racks.  Center  cabinet  contains  controls,  ampliiiers  and  power 
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FIG.  3 — Simplied  block  diagram  of  more  important  elements  making  up  a  complete 

monitoring  station 


of  minimum  sound  velocity.  Sounds 
originating  at  this  depth  are  re¬ 
fracted  downward  from  above  and 
upward  from  below.  As  a  conse¬ 
quence,  sounds  are  horizontally 
channeled. 

Sounds  originating  at  a  depth  of 
4,000  ft  spread  horizontally  within 
the  sound  channel  in  much  the  same 
way  in  which  sounds  in  air  go  echo¬ 
ing  down  a  canyon.  This  phenome¬ 
non  has  a  number  of  rather  inter¬ 


esting  effects  on  the  characteristic 
of  the  sound  wave  as  it  is  received 
at  some  great  distance  from  the 
source.  For  example,  a  sound 
ray  leaving  the  source  at  an 
inclination  to  the  horizontal  has  a 
tendency  to  cross  and  recross  the 
horizontal  layer  indefinitely  until 
it  is  finally  attenuated  below  the 
ambient  noise  level. 

As  a  consequence,  sound  may 
theoretically  travel  by  an  infinite 


number  of  different  paths  between 
the  source  and  the  receiving  pickup 
— particularly  if  the  separation  be¬ 
tween  sound  source  and  pickup  is 
very  great,  for  example,  of  the 
order  of  several  hundred  miles. 
Furthermore,  the  most  direct  route, 
that  is,  the  horizontal  path  from 
source  to  pickup,  is  also  the  slow¬ 
est  ;  because  those  ray  paths  in¬ 
clined  from  the  horizontal  lead  into 
strata  of  higher  sound  velocity 
which  then  bend  back  some  of  the 
rays  and  produce  the  phenomenon 
described  above  as  a  crossing  and 
recrossing  of  the  axis  of  the  sound 
channel. 

Multipath  Effect 

It  was  found  rather  early  in  the 
series  of  experiments  to  determine 
the  nature  of  sound  channel  trans¬ 
mission  that  sounds  arriving  at  the 
receiving  element  commence  at  a 
low  intensity,  gradually  building  up 
to  a  loud  crescendo  with  a  very 
sharp  cutoff — an  effect  which  has 
been  described  as  the  kettledrum. 
The  cutoff  occurs,  it  is  believed, 
when  the  sounds  which  have  trav¬ 
eled  by  the  slowest  route  (and  at 
the  same  time  the  route  of  most 
nearly  constant  depth)  arrive.  The 
cutoff  is  so  sharp  that  there  is  prac¬ 
tically  no  possibility  of  mistaking 
it,  and  the  instant  at  which  it  oc¬ 
curs  can  be  determined  to  within 
0.1  second.  The  buildup  time  of  the 
sound  wave  received  after  spread¬ 
ing  is  about  1.2  seconds  per  100 
miles.  Furthermore,  the  character 
of  a  sound-channel  explosion  is  so 
distinct  that  it  cannot  be  confused 
with  stray  explosions  at  other 
depths. 

Design  Considerations 

Experimental  work  demonstrated 
that  the  primary  specifications  for 
sofar  monitoring  equipment  should 
include : 

(1)  sensitive  response  from  30 
to  300  cycles ; 

(2)  self-noise  of  the  amplifiers 
at  an  absolute  minimum; 

(3)  provision  for  switching 
quickly  from  one  hydrophone  to 
another,  with,  at  the  same  time, 
some  means  for  introducing  a  sig¬ 
nal  generator  for  equipment  cali¬ 
bration  and  maintenance; 

(4)  suitable  means  for  indexing 
actual  arrival  time  of  the  signal 
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AUTOMATIC  SWITCHING  UNIT 
VOLUME  CONTROL  ON  FULL 
OSC  AT  +»08 


FIG.  5 — Rwtponsw  of  on  amplifier  channel  incorporating  a  500> 
cycle  low-pau  filter.  Orerall  noise  is  27  db  below  that  of 
typicol  amplifier 


FIG.  4 — Response  of  the  automatic  switching  unit  that  turns  on 
recorders  when  bomb  signal  starts  arriving.  The  device  triggers 
at  17S  cycles 


is  patched  into  the  operating  ampli¬ 
fier  channel. 

The  hydrophone  amplifier  cir¬ 
cuits  terminate  in  a  system  bus, 
contained  in  a  unit  identified  as  the 
Chronometer  Time  Control  and 
Phone  Monitor.  The  functions  of 
this  unit  are:  to  act  as  a  distribu¬ 
tion  center  for  the  amplified  signal 
from  the  hydrophone  to  the  record¬ 
ing  components;  to  distribute  the 
time  indexing  pulses  from  the  cir¬ 
cuits  controlled  by  the  break-circuit 
chronometer;  to  separate  the  3-kc 
tone  pulses  from  the  signal  when 
the  magnetic  tape  is  reproduced; 
and  to  amplify  and  rectify  these 
3-kc  pulses  as  a  driving  source  for 
the  paper  tape  time  index  relay  on 
reproduction  from  the  magnetic 
tape. 

Recording  Data 

The  recording  units,  which  con¬ 
sist  of  a  dual  installation  of  a 
graphic  sound  level  recorder  and  a 
magnetic  tape  recorder,  are  housed 
in  separate  cabinets.  Rack  2  and 
Rack  3  (left  and  right  in  Fig.  2) 
cable-connected  to  the  main  rack. 
A  time  indexing  and  auto-start,  as 
well  as  selective  input  control  and 


monitoring  position  were  added  to 
the  basic  graphic  recorder.  In  the 
magnetic  tape  recorders  the  speed 
was  made  adjustable  from  one 
minute  normal  to  a  maximum  dura¬ 
tion  of  2.5  minutes  without  sacrific¬ 
ing  the  frequency  response  below 
500  cycles. 

The  automatic  switching  unit 
also  is  housed  in  Rack  2.  It  is  the 
function  of  this  unit  to  switch  on 
the  supply  circuit  to  the  graphic 
level  recorder  motors  and  the  time 
indexing  control  relay  when  a 
sound  channel  shot  signal  arrives  at 
the  monitoring  station.  Figure  4 
shows  the  response  of  this  unit. 
It  is  designed  to  trigger  a  2050  thy- 
ratron  at  175  cycles.  Rack  3,  in 
addition  to  its  recording  units,  also 
contains  the  break-circuit  chronom¬ 
eter  which  initiates  the  timing 
circuit  pulses. 

Figure  5  shows  the  response  of  a 
typical  amplifier  unit  with  a  500- 
cycle  low-pass  filter  incorporated  in 
the  circuit.  With  input  energy  of 
the  order  of  a  microvolt  over  a  nar¬ 
row  pass  band  from  30  to  300 
cycles,  the  normal  undistorted  volt¬ 
age  gain  is  107  db.  At  maximum 
gain  with  input  terminated  in  600 


(to  0.1  second)  and  means  for  ob¬ 
taining  chronometer  correction  by 
introducing  WWV  time  signals. 

In  order  to  expedite  delivery,  of 
the  intial  group  of  monitoring  sta¬ 
tion  equipment,  it  was  decided  to 
utilize  readily  available  commercial 
equipment  modified  as  required, 
supplementing  this  with  those  units 
which  required  special  design  or 
treatment.  Figure  2  is  a  front 
view  of  the  three  racks  which  house 
all  the  apparatus  for  each  station 
except  the  bass  reflex  speaker  used 
for  aural  monitoring.  This  equip¬ 
ment  provides  integrated  receiving, 
recording  and  timing  units  for  each 
network  station.  The  equipment  is 
built  to  operate  continuously,  day 
after  day,  although  the  incident 
that  it  is  designed  to  note  and  re¬ 
port  to  the  operator  takes  only  a 
few  seconds  and  may  not  occur  for 
months  at  a  time. 

Figure  3  is  a  block  diagram  of 
the  receiving  station.  Several  hy¬ 
drophones  located  in  the  sound 
channel  are  connected  by  sub¬ 
marine  cable  (sometimes  12  to  15 
miles  long)  to  the  hydrophone  in¬ 
put  receptacles  at  the  top  of  Rack  1, 
center  of  Fig.  2.  One  hydrophone 


V  ^  Cg 


FIG.  6 — Slow  and  lost  graphic  recordings  oi  bomb  signals  timed  to  an  accuracy  of  0.1  second.  The  arrival  code  mark 

from  1.050  miles.  This  record  has  been  made  from  a  replaying  is  made  by  the  observing  operator  wl^en  he  hears  the  maxi- 

oi  the  magnetic  tape  record.  Point  of  maximum  energy  is  mum  signal  arrive  and  is  chiefly  useful  in  identifying  the  peak 
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CHANNEL  1  RECORDER 

1^ 

OSC  +1506 

CHANNEL  VOLUME  AT  ZO 
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FIG.  7 — Shot  arrival  time  evaluator  ior  two  diiierent  recorder  speedi.  The  long 
vertical  line  is  placed  over  the  maximum  signal  and  tenths  of  seconds  read  off  to 
the  nearest  chronometer  time  mark 


FIG.  8 — Pacific  Ocean  Air-Sea  Rescue  network 
showing  experimental  stations  in  California  and 
the  Hawaiian  Islands 


ohms  the  overall  self-noise  of  a 
typical  amplifier  channel  as  meas¬ 
ured  on  a  vtvm  (terminated  in  600 
ohms)  is  27  db  below  1  volt. 

In  normal  operation  the  equip¬ 
ment  listens  continuously.  One  of 
the  magnetic  tape  recorder  units 
continuously  records  the  sounds 
picked  up  by  the  hydrophone  and 
erases  automatically  two  and  a  half 
minutes  later. 

With  the  arrival  of  energy  from 
a  sofar  bomb,  the  visual  recording 
equipment  is  triggered  by  the 
buildup  of  the  amplitude  of  the 
received  signal,  and  the  station 
operator  is  alerted  by  means  of  a 
suitable  warning  device.  Inasmuch 
as  the  signal  comes  in  rather  slowly, 
building  up  to  a  crescendo  before 
the  cutoff,  the  gating  circuit  is 
actuated  with  ample  time  for  the 
operator  to  process  the  shot  recep¬ 
tion.  First  he  must  press  the  cue 
switch  which  breaks  the  chronom¬ 
eter  control  circuit,  thus  provid¬ 
ing  a  secondary  timing  mark  on 
the  visual  tape  as  well  as  a  3-kc  tone 
pulse  on  the  magnetic  tape  re¬ 
corder.  This  cue  mark,  labeled 
“arrival  code”  in  Fig.  6,  enables 
ready  identification  of  the  time  to 
the  nearest  minute  and  second. 

The  operator  switches  the  oper¬ 
ating  magnetic  tape  recorder  to  an 
inoperative  condition.  He  then 
turns  on  the  stand-by  magnetic 
tape  recorder  to  record  and 
switches  it  to  the  system  bus.  After 
restoring  the  automatic  switching 
unit  to  stand-by  the  listening  oper¬ 
ation  of  the  station  continues,  and 
the  operator  is  free  to  observe  the 
acrival  time  of  the  signal  just  re¬ 


ceived  and  recorded.  Since  this  sig¬ 
nal  has  also  been  recorded,  on  the 
magnetic  tape  recorder,  the  oper¬ 
ator  can  play  back  this  recording 
and  reproduce  it  on  the  stand-by 
graphic  level  recorder  in  order  to 
obtain  another  trace  of  the  received 
signal. 

Normal  visual  tape  speed  is  5  mm 
per  second.  However,  on  playback 
from  the  magnetic  recorder,  the  op¬ 
erator  can  adjust  the  paper  tape 
speed  of  the  recorder  to  10  nnn  per 
sec  to  increase  the  resolving  power 
by  a  factor  of  two. 

Timing  Circuit 

A  standard  Navy  break-circuit 
chronometer  is  connected  to  each  of 
the  d-c  amplifiers  which  actuate  re¬ 
corder  paper  indexing  styli.  This 
chronometer  breaks  the  circuit  once 
each  second,  except  the  59th  in 
every  minute.  The  break-second 
mark  appears  clearly  on  the  tran¬ 
scriptions  shown  in  Fig.  6.  One  of 
the  two  amplifiers  keys  a  3-kc  oscil¬ 
lator  which  feeds  a  signal  into  the 
magnetic  tape  recorders,  allowing 
3-kc  pulses  to  be  recorded  on  the 
tape  in  synchronism  with  the  chro¬ 
nometer. 

When  the  magnetic  tape  record¬ 
ing  is  played  back  to  the  sound  level 
recorder,  the  3-kc  pulses  are  sepa¬ 
rated  from  the  signal  by  a  band¬ 
pass  filter,  are  rectified  and  are 
switched  to  the  sound  level  recorder 
paper  indexing  stylus.  By  the  use 
of  the  code  mark,  the  sound  level 
recorder  paper  for  a  particular 
shot  as  originally  recorded  can  be 
lined  up  with  the  sound  level  re¬ 
corder  paper  of  this  same  shot  as 


recorded  from  the  magnetic  tape 
recorder.  In  this  way  is  afforded 
an  alternate  graphic  level  record  of 
the  complete  signal,  showing  the 
dynamic  range.  An  accurate  meas¬ 
ure  of  the  time  of  arrival  can  be 
obtained  from  it.  The  picture  of 
the  shot  arrival  time  evaluator.  Fig. 
7,  shows  a  typical  trace  lined  up  for 
measurement. 

Plans  are  now  well  under  way 
for  the  installation  of  the  first 
permanent  three-station  network. 
The  primary  responsibility  for 
completing  the  installation  of  this 
network,  carrying  out  the  opera¬ 
tional  tests,  and  conducting  addi¬ 
tional  sofar  research,  is  being  pros¬ 
ecuted  by  the  U.  S.  Navy  Elec¬ 
tronics  Laboratory  in  San  Diego. 
One  station  has  been  established  in 
Hawaii  and  tested  satisfactorily  by 
means  of  bombs  dropped  off  the 
California  coast,  2,000  miles  dis¬ 
tant.  The  other  two  will  be  on  the 
west  coast,  located  in  positions 
suitable  for  covering  the  Cali- 
fornia-Hawaii  air  routes. 
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Continuous  recordings  of  oscilloscope  patterns  are  made  on  film  or  paper  at  speeds  from 
one  inch  per  minute  to  five  feet  per  second,  a  range  of  3,600  to  1,  using  electronic  motor 
control.  Either  film  motion  or  the  oscilloscope  sweep  can  be  employed  as  the  time  base 

Most  oscilloscope  pictures  are  inch  per  minute  to  5  feet  per  were  tried  in  the  development  of 

made  with  cameras  designed  second,  is  provided  by  means  of  a  this  camera,  including  change 

for  general  photographic  purposes  specially  designed  electronic  control  gears,  cone  pulleys  and  variable 
and  not  particularly  suited  for  re-  and  a  two-speed  clutch.  The  elec-  cone,  but  it  was  found  that  the  elec- 
cording  oscilloscope  patterns.  tronic  control  provides  smooth,  uni-  tronic  control  not  only  gave  better 

The  camera  to  be  described  is  form  speed  continuously  variable  performance  but  was  cheaper  to 
designed  for  both  still  and  continu-  by  means  of  a  single-dial  control  produce.  Furthermore,  the  elec- 
ously  moving  film  photography,  from  1  inch  per  minute  to  60  inches  tronic  control  gave  a  continuously 

For  still  photography  of  stationary  per  minute,  or  1  inch  per  second  to  variable  speed  control  which  main- 

patterns,  single  transients  or  data  60  inches  per  second,  depending  tains  any  set  speed  without  fluctua- 

records,  a  shutter  with  speeds  of  1  upon  the  position  of  the  clutch.  tion  due  to  variations  in  load  and 

second  to  1/400  second,  plus  time  The  clutch  is  shifted  by  a  simple  line  surges.  Such  precise  control 
and  bulb,  is  provided.  This  shutter  push-pull  knob  which  inserts  or  re-  is  absolutely  essential  to  be  sure 
must  be  kept  open  when  making  moves  a  60-to-l  gear  ratio.  It  may  that  any  variation  in  the  recorded 
continuous  recordings,  so  an  inter-  be  operated  while  the  camera  is  pattern  is  due  to  actual  changes  in 
lock  is  provided  to  prevent  any  pos-  running,  so  that  it  is  possible  to  set  the  oscilloscope  pattern  and  not 

sibility  of  running  the  film  through  up  for  a  recording  on  low  speed  and  due  to  fluctuations  in  film  speed, 

with  the  shutter  closed  or  inadvert-  shift  to  high  at  the  desired  instant.  To  give  an  accurate  record  of 
ently  leaving  it  open  while  taking  a  giving  extremely  fast  acceleration  the  exact  rate  of  film  movement,  a 
series  of  still  pictures.  of  less  than  0.01  second  to  reach  small  neon  lamp  is  mounted  so  it 

For  continuous  recordings,  a  maximum  speed.  will  record  along  the  edge  of  the 

speed  range  of  3,600  to  1,  from  1  Many  types  of  mechanical  drives  film  when  fed  suitable  voltage. 
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Top  Tiow  of  motor  •pood-control  chatais 


By  H.  E.  HALE  and 

Technical  Advisor 
Fairchild  Camera  and 
Instrument  Corp. 

Jamaica,  New  York 


When  taking  still  pictures,  the 
film  is  advanced  manually  by  means 
of  a  lever  provided  with  an  adjust¬ 
able  stop  which  permits  advance  of 
i  to  double  a  standard  35-mm 
frame  height  (5  to  39-mm).  How¬ 
ever,  if  it  is  desired  to  take  a  large 
number  of  stills  in  succession  the 
continuous  film  drive  can  be  used 
by  adjusting  it  to  a  speed  which 
will  separate  successive  pictures  by 
the  desired  amount  and  by  blank¬ 
ing  out  the  screen  with  Z-axis  mod¬ 
ulation  except  during  the  interval 
when  recording  is  '  desired.  The 
blanking  signal  can  be  removed  by 
the  transient  to  be  recorded,  or  by 
a  relay  or  snap-action  switch. 

The  camera  is  mounted  on  top 
of  the  oscilloscope  with  a  reflecting 
mirror  system  in  a  light-tight 
housing  to  bring  the  scope  image 
up  to  it.  This  periscope  type^of 
mounting  gets  the  camera  out  of 
the  operator’s  way,  and  provision 
for  simultaneous  viewing  and  re¬ 
cording  is  easily  provided  by  a  port 
over  the  lower  mirror. 


H.  P.  MANSBERG 

Applications  Engineer 
Allen  B.  DuMont 
Laboratories 
Clifton,  Eew  Jersey 


A  filter  excludes  most  extrane¬ 
ous  light  which  would  affect  the 
film  when  the  port  is  open  for  view¬ 
ing,  and  a  guillotine  shutter  closes 
the  port  entirely  at  other  times.  A 
rubber  ring  at  the  lower  end  of  the 
periscope  fits  up  against  the  cath¬ 
ode-ray  tube  to  exclude  all  light  and 
at  the  same  time  locates  the  mount 
accurately  so  that  no  focusing  is 
required.  The  camera  is  prefo¬ 
cused  at  the  factory. 

Data  Record 

An  illuminated  data  card  mounts 
on  the  front  of  the  periscope  by 
means  of  spring  clips,  when  not  in 
use.  Handwritten  data  may  be 
put  on  the  finely  ground  Lucite  sur¬ 
face  with  an  ordinary  pencil  and 
removed  with  a  pencil  eraser. 

The  camera  uses  standard  35- 
mm  film  or  paper,  and  has  an  in¬ 
ternal  capacity  of  100  feet,  with 
provision  for  mounting  a  1,000-foot 
magazine  externally.  With  the  100- 
foot  reels,  the  camera  will  operate 
from  20  seconds  at  the  maximum 


speed  to  20  hours  at  the  minimum 
speed ;  with  a  *1, 000-foot  magazine 
it  will  operate  from  3i  minutes  to 
8J  days,  respectively. 

A  footage  indicator  shows  the 
number  of  feet  exposed  regardless 
of  whether  100-foot  reels  or  1,000- 
foot  magazines  are  used,  or 
whether  the  film  is  advanced  manu¬ 
ally  or  by  the  motor.  The  camera 
may  be  loaded  or  film  removed  in 
daylight. 

A  coated  f  2.8  lens  is  supplied  as 
standard  equipment  but  an  f/1.5 
lens  is  optional.  With  the  f/2.8 
lens  and  accelerating  potentials  of 
3,000  volts  on  a  type  5CP11A  cath¬ 
ode-ray  tube,  writing  rates  up  to 
0.8  inch  per  microsecond  can  be 
recorded.  With  a  type  5RP11A 
tube  and  29,000  volts  accelerating 
potential,  rates  up  to  70  inches  per 
microsecond  can  be  recorded.  The 
corresponding  writing  rates  with 
the  f/1.5  lens  are  3  and  270  inches 
per  microsecond  respectively. 

Electronic  Control 

The  circuit  used  in  the  electronic 
speed  control  of  the  Oscillo-Record 
Camera  is  shown  in  Fig.  1.  A  type 
CIB  thyratron  supplies  the  arma¬ 
ture  voltage  to  the  motor.  The  con¬ 
trol  voltage  is  obtained  from  a 
117Z3  rectifier  with  an  OB2  voltage 
regulator  used  to  eliminate  line- 
voltage  fluctuation  effects.  Bias 
voltage  is  obtained  from  a  selenium 
rectifier  and  two  other  selenium 
rectifiers  supply  the  motor  field.  A 
second  OB2  maintains  constant 
bias  voltage.  Current  in  the  field 
of  the  motor  is  maintained  con¬ 
stant  with  a  current-regulating 
tube.  The  117Z3  also  supplies  a 
time-delay  relay  which  prevents 
application  of  power  to  the  thyra¬ 
tron  until  it  has  had  sufficient  time 
to  warm  up. 

In  addition  to  the  d-c  applied  to 
the  grid  of  the  thyratron  to  control 
the  speed  of  the  motor,  a  small 
amount  of  a-c  is  superimposed  on 
it.  With  the  d-c  alone,  the  smallest 
portion  of  a  cycle  during  which  the 
thyratron  can  fire,  if  it  fires  at  all, 
is  i  cycle,  with  a  maximum  of  i 
cycle. 

By  superimposing  a  small 
amount  of  a-c  properly  phased  it  is 
possible  to  cause  the  firing  to  occur 
much  later  in  the  cycle  so  that  cur¬ 
rent  is  passed  during  only  a  very 
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ion  to  its  primary  use  as  a  con-  accomplished  by  reversing  the  hori- 
inuously  moving  film  camera.  zontal  and  vertical  defiection  plate 

This  method  of  recording  can  be  connections  to  the  tube  or  by  rotat- 
ised  for  the  photography  of  either  ing  the  cathode-ray  tube  clockwise 
lighly  repetitive  phenomena  or*  through  90  degrees.  By  doing  this, 
lingle-transient  phenomena  where  rather  than  just  feeding  the  signal 
;he  duration  of  the  transient  is  not  into  the  X  amplifier,  the  signal 
onger  than  the  longest  sweep  of  may  be  observed  before  the  record- 
;he  oscilloscope  used,  unless  one  ing  is  started,  using  the  oscillo- 
vishes  to  photograph  only  individ-  scope  sweep.  Then,  when  all  ad- 
lal  parts  of  the  long  transient.  justments  are  made,  the  sweep  is 

In  photographing  repetitive  phe-  switched  off  and  the  camera  motor 
lomena,  the  camera  shutter  speed  ^  is  started. 

ihould  be  set  so  that  it  opens  for  This  method  of  recording  is  use- 
at  least  the  duration,  and  prefer-  ful  where  the  signal  to  be  photo- 
ably  longer,  than  the  time  of  one  graphed  occurs  too  slowly  for  an 
jomplete  cycle  of  the  oscilloscope  observer  to  study,  even  on  a  long- 
sweep.  The  exposure,  of  course,  persistence  screen,  or  when  the 
should  be  sufficient  to  obtain  useful  signal  consists  of  a  non-uniform 
oegative  density  for  the  highest  recurrent  phenomenon,  or  if  the 
writing-rate  components  of  the  signal  occurs  at  random, 
signal.  At  the  maximum  camera  speed 

To  photograph  single  transients,  (60  inches  per  second),  the  highest 
the  camera  shutter  is  best  set  at  frequency  which  can  be  recorded  is 
bulb  or  time,  opened  before  the  limited  by  the  resolution  of  the  film 
transient  occurs,  and  closed  after  and  the  luminescent  spot  size.  With 
the  transient  has  disappeared.  For  high-speed  film  emulsions,  such  as 
this  purpose,  an  oscilloscope  having  Eastman  Kodak  Linograph  Ortho 
a  triggered  sweep  and  automatic  and  Linagraph  Pan,  the  limit  fre- 
beam  control  is  preferred.  With  quency  for  this  method  of  record- 
such  an  instrument,  the  screen  of  ing  is  about  10,000  cycles, 
the  cathode-ray  tube  is  blank  be-  For  a  particular  cathode-ray 
fore  the  transient  occurs.  When  tube  screen,  the  frequency  limit 
the  sweep  is  initiated  by  the  trans-  due  to  persistence,  for  continuous 
ient,  the  trace  is  blanked  in  for  the  motion  recording,  is  known  as  the 
duration  of  the  sweep,  and  there  blurring  limit.  This  limit  is  ap¬ 
is  no  fogging  of  the  film  by  a  lumi-  proximately  200  kilocycles  for  a 
nescent  spot  or  line  before  or  after  Pll  screen  and  is  therefore  well 
the  transient.  above  the  resolution  limit  at  60 

When  very  long  exposures  are  to  inches  per  second.  When  a  time 
be  used  with  high-speed  panchro-  reference  is  desired,  a  signal  volt- 
matic  film,  fogging  of  the  film  may  age  of  known  frequency  may  be 
result  due  to  a  very  weak  glow  connected  to  the  small  neon  bulb  in 
coming  from  the  heater  of  the  cath-  the  camera;  a  narrow  time-marker 
ode-ray  tube.  The  fogging  can  be  track  is  then  recorded  at  the  edge 
prevented  by  the- use  of  a  blue  filter  of  the  film. 

in  front  of  the  cathode-ray  tube  The  second  method  of  recording, 
screen.  that  of  recording  the  oscilloscope 

sweep  across  the  width  of  the  film, 
I  m  pee  ime  ase  illustrated  by  the  bottom  trace  in 

An  example  of  the  method  of  Fig  2.  The  pulses  shown  are  the 

recording  that  uses,  the  film  travel  same  as  at  the  top  and  were  ob- 

as  a  time  base  is  shown  at  the  top  tained  by  differentiating  a  saw- 
in  Fig.  2.  The  two  pulses  which  tooth  wave.  Both  oscillograms 
appear  recurrently  are  seen  to  have  were  made  on  the  same  strip  of  film 

constant  spacing,  indicating  the  by  running  the  film  through  the 

constant  speed  of  the  film.  To  make  camera  twice;  recording  once  by 
such  a  recording,  the  signal  must  the  first  method,  with  the  beam 
appear  as  a  horizontal  deflection  of  positioned  to  one  side  of  the  cath- 
the  spot  on  the  cathode-ray  tube  ode-ray  tube  screen,  and  then  re¬ 
screen  since  the  motion  of  the  film  cording  by  the  second  method,  with 
in  the  Oscillo-Record  Camera  is  the  beam  positioned  to  the  other 
vertically  upward.  This  is  best  side  of  the  screen. 
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small  fraction  of  a  cycle  when  the 
power  requirements  are  low.  In 
this  way,  in  place  of  the  motor  re¬ 
ceiving  a  large  slug  of  power  fol¬ 
lowed  by  several  cycles  with  no 
power,  a  smaU  amount  of  power  is 
supplied  to  it  each  cycle.  This  prac¬ 
tically  eliminates  speed  fluctuations 
which  would  otherwise  cause  un¬ 
even  film  speed.  It  also  provides 
excellent  speed  control  over  a  much 
wider  range  of  speed  and  load  con¬ 
ditions  than  would  otherwise  be 
possible. 

Methods  of  Recording 

The  fundamental  recording  tech¬ 
niques  possible  with  the  camera 
are:  single-frame  exposure  on  sta¬ 
tionary  film,  continuous-motion 
photography  employing  the  film 
motion  as  a  time  base  (which  we 
shall  refer  to  as  the  first  method), 
and  continuous-motion  photog¬ 
raphy  employing  the  oscilloscope 
sweep  as  a  time  base,  transversal 
to  the  motion  of  the  film  (which  we 
shall  refer  to  as  the  second 
method). 

A  paper  written  in  1944  thor¬ 
oughly  discusses  the  various  fac¬ 
tors  generally  involved  in  oscillo¬ 
scope  photography.'  In  this  paper, 
the  relationships  between  the  lumi¬ 
nescent-spot  writing  rate,  the  lens 
aperture  and  optical-magnification 
ratio  were  derived  and  methods  of 
calculating  exposure  were  given.  A 
Du  Mont  camera  specifically  de¬ 
signed  for  single-frame  exposure 
photography  only  has  recently  been 
placed  on  the  market.  The  Oscillo- 
Record  Camera  also  has  provision 
for  this  type  of  recording  in  addi- 
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Although  the  film  was  run  at  the 
same  speed  in  both  cases,  the  dis¬ 
tance  between  pulses  at  the  bottom 
in  Fig.  2  is  much  greater  and. 
had  the  signals  been  more  complex, 
this  additional  space  would  have 
been  necessary.  As  stated  previ¬ 
ously,  it  is  only  necessary  to  run 
the  film  at  a  rate  of  speed  sufficient 
to  provide  some  separation  of  the 
successive  sweeps  and  the  signals 
imposed  thereon.  The  angle  at 
which  the  sweep  base-line  appears 
is  determined  by  the  ratio  of  the 
oscilloscope  sweep  speed  and  the 
film  travel  speed.  When  the  film 
speed  and  sweep  speed  are  equal, 
the  base  line  records  at  a  45-degree 
angle,  and  when  the  sweep  speed  is 
much  greater  than  the  film  speed, 
the  base  line  is  essentially  pex'pen- 
dicular  to  the  film  length. 

The  film  speed  at  which  the  suc¬ 
cessive  sweeps,  and  the  signals  im¬ 
posed  on  them,  are  just  separated, 
can  be  calculated  from  the  formula 
S  =  fsh/G 

where  S  =  the  necessary  film  speed, 
fa  =  the  sweep  frequency,  h  =  the 
height  of  the  signal  peak  appearing 
on  the  cathode-ray  tube  screen. 

The  factor,  1/6,  is  the  optical- 
reduction-ratio  of  the  camera  lens. 
In  many  cases  where  the  signals 
appear  immediately  below  one 
another  the  film  can  be  run  slower 
than  S,  so  that  one  signal  appears 


inside  the  other  or  interlaces  with¬ 
out  overlapping  (as  in  Fig.  9). 

When  the  signal  being  recorded 
is  a  sine  wave  or  any  other  pattern 
having  negative  as  well  as  positive 
amplitudes,  and  the  peaks  of  the 
signals  on  the  successive  sweeps 
do  not  interlace,  then  h  will  have 
to  be  taken  as  the  peak  to  peak 
amplitude.  The  highest  frequency 
that  may  be  recorded  by  this 
method  is  limited  only  by  the  maxi¬ 
mum  sweep  speed  available  and  the 
maximum  photographic  writing 
rate  of  the  oscillograph.  (Maximum 
photographic  writing  rate  is  de¬ 
fined  as  the  maximum  writing 
speed  of  the  luminescent  spot  on 
the  cathode-ray  tube  screen,  which 
produces  a  recording  density  of  0.1 
above  film  fog  at  an  optical  object: 
image  ratio  of  3f  =  1  with  a  lens 
aperture  of  f/1  and  with  a  high 
sensitivity  film  emulsion  processed 
in  a  high  contrast  developer.) 

Occasionally,  certain  phenomena 
are  observed  which  have  extremely 
rapid  variations  at  the  beginning 
and  then  undergo  a  slow  rate  of 
change  with  a  duration  many  times 
longer  than  the  initial  transient. 
To  record  such  phenomena  com¬ 
pletely,  with  sufficient  detail  for 
analysis,  it  would  be  necessary  to 
run  the  film  at  extremely  high 
speeds.  Besides  being  uneconom¬ 
ical,  this  procedure  would  make  it 


difficult  to  study  the  latter  part  of 
the  signal  which,  since  it  has  a  slow 
rate  of  change,  would  be  spread 
over  a  great  length  of  film. 

.  It  may  be  possible  in  a  few  cases, 
by  watching  the  pattern  through 
the  camera’s  viewing  eyepiece,  to 
switch  the  film  speed  from  high  to 
low  by  means  of  the  speed-change 
clutch  but  this  is  usually  imprac¬ 
tical.  The  second  method  of  con¬ 
tinuous-motion  recording  might 
then  be  used,  but  the  continuity  of 
important  parts  of  the  phenomenon 
may  be  lost  due  to  the  many  succes¬ 
sive  sweeps. 

For  Transients 

In  a  third  method  of  continuous- 
motion  recording,  a  single  driven- 
sweep  of  the  oscilloscope  is  used  to 
rapidly  deflect  the  spot  vertically 
upward  at  the  start  of  the  phenom¬ 
ena,  as  the  film  in  the  camera  moves 
slowly  in  the  same  direction.  The 
signal  is  impressed  horizontally  on 
the  spot;  at  the  end  of  the  single 
sweep  the  spot  is  not  blanked  out 
but  remains  in  position.  The  effec¬ 
tive  speed  of  the  time  base  during 
the  sweep  is  equal  to  the  vector 
sum  of  the  optically-reduced  sweep 
speed  and  the  film  speed  and,  after 
the  sweep,  is  equal  to  the  film  speed 
alone.  Sweep  and  film  speeds  should 
be  chosen  to  provide  optimum 
spread  of  the  rapid  transient  and 
the  slow  rate  of  change  part  respec¬ 
tively  Only  one  time-base  dis¬ 
continuity  then  exists  at  the  end 
of  the  sweep  travel.  Even  this  dis¬ 
continuity  can  be  avoided  by  the 
use  of  an  exponential  sweep  rather 
than  a  linear  sw'eep.  That  is,  the 
exponential  curve  of  the  sweep  rate 
can  be  made  asymptotic  to  the  film 
speed.  Where  a  number  of  high¬ 
speed  transients  occur  at  random 
during  an  otherwise  slow  rate-of- 
change  phenomenon,  the  oscillo¬ 
scope  sweep  could  be  made  to  trig¬ 
ger  off  only  during  the  transients 
and  rapidly  fly  back  to  the  original 
position  to  record  the  slow  part. 
The  use  of  timing  markers  is  man¬ 
datory  to  achieve  the  proper  time 
perspective  when  studying  the 
recording. 

The  effects  of  a  heavy  load  on  the 
performance  of  a  synchronous 
motor  is  showm  in  Fig.  3  and  4. 
The  oscillograms  show  the  starting 
current  in  the  motor  from  the  in- 


FIG.  1 — Circuit  oi  electronic  Tariable-speed-control  for  the  camera  motor 
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Timing  markers  are  unnecessary 
since  each  current  cycle  represents 
1/60  of  a  second.  Figure  4  shows 
that  the  motor  switches  to  the 
starting  winding  4  times  in  i 
second  because  of  the  heavy  load. 
After  the  last  switching  occurs, 
the  motor  armature  hunts  for  ap¬ 
proximately  3  more  seconds  before 
stability  is  reached.  The  total 
elapsed  time  from  the  instant  of 
switching  on  the  motor  to  the  time 
of  stability  is  approximately  4 
seconds. 

Fluorescent  Lamp  Analysis 

Another  application  of  the  os¬ 
cilloscope  and  continuous-motion 
camera  in  the  electrical  industry  is 
illustrated  in  Fig.  5.  This  oscillo¬ 
gram  shows  the  starting  voltage 
and  current  characteristics  of  a 
fluorescent  lamp  fixture.  The 
simultaneous  recording  of  voltage 
and  current  was  obtained  by  the 
use  of  a  6SP  dual-beam  cathode-ray 
tube.  In  Fig.  5,  the  upper  trace 
represents  the  voltage  across  the 
fluorescent  tube  and  the  lower  trace 
represents  the  total  current  drawn 
by  the  fixture.  Again,  film  motion 
provides  the  time  base. 

The  two  luminescent  spots  on  the 
tube  screen  were  positioned  in  a 
horizontal  line  to  obtain  the  proper 
time  relationship  between  voltage 
and  current  in  the  recording.  When 
the  switch  is  turned  on,  a  voltage 
immediately  appears  across  the 
tube  and  a  small  amount  of  current 
is  drawn  by  the  entire  fixture.  The 
lamp  fixture  contains  the  fluores¬ 
cent  tube,  a  series-inductive  bal¬ 
last,  a  gas-filled  starter  containing 
a  bimetal  element,  and  a  capacitor 
which  is  connected  in  parallel  with 
the  starter  and  tube.  At  first  the 
current  is  limited  by  the  resistance 
of  the  starter,  the  ballast,  and  the 
filaments  at  the  end  of  the  fluores¬ 
cent  tube.  After  approximately  1.4 
seconds,  (determined  from  number 
The  oscillogram  of  Fig.  4,  made  of  60-cycle  peaks)  the  voltage 
by  the  first  method  of  continuous-  across  the  tube  suddenly  drops, 
motion  recording,  clearly  shows  the  while  the  current  drawn  by  the  fix- 
heavy  starting  current  and  the  ture  rises  to  a  high  value.  This  is 
automatic  switching  from  starter  caused  by  the  heated,  bimetal 
winding  to  running  winding.  This  starter  short-circuiting  the  capaci- 
switching  and  subsequent  hunting,  tor.  The  current  is  now  limited 
visible  as  a  modulation  of  the  only  by  the  filaments  and  the  induc- 
motor-current  amplitude  as  the  tive-ballast. 

motor  builds  up  enough  torque  to  The  filaments  rapidly  heat  up  as 
carry  the  load,  can  easily  be  timed,  the  bimetal  in  the  starter  cools. 


FIG.  T — Motor  »tart 


FIG.  2 — Top  traco — um  of  film 

troTol  as  tiiM  basa.  Bottom  traco — 
timo  baoo  across  width  of  film 


FIG.  4 — Motor  storting  curront 


FIG.  5— Top  traco — ooltago  across  fluoroscont  tubs. 
Bottom  traco — curront  through  circuit 


FIG.  7 — Output  of  OB2  with  Torying  load 


I  s  0  s  ■  •  t  a  ■  B  a  ■  s  0  ■  ■  ■  s  ■  ■  B  sA4,i.t  ■  I 

FIG.  8 — Output  of  Geiger-Mullor  couiltor 


FIG.  9 — Potontlal  of  frog  sciatic  norro 


FIG.  10 — RoTorboration  of  sharp  sound  in  closed  room 


stant  the  switch  is  turned  on  to  the 
time  that  the  motor  has  reached  its 
synchronous  peed. 

Figure  3  is  a  single-frame  photo¬ 
graph  and,  although  the  oscillo¬ 
gram  provides  some  indication  of 
the  transients  that  occur,  it  is  not 
possible  to  analyze  the  phenomenon 
unless  a  series  of  pictures  of  sec¬ 
tions  of  the  overall  characteristic 
is  taken. 
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After  another  1/10  of  a  second, 
the  bimetal  cools  sufficiently  to 
contract  and  unshort  the  capacitor. 
This  causes  the  current  through 
the  inductive  ballast  to  drop,  and 
the  collapsing  magnetic  field  causes 
a  resonant  voltage  surge  to  appear 
across  the  capacitor  and  tube,  as 
indicated  by  the  first  voltage  surge- 
transient  in  the  oscillogram. 

During  the  next  i  second,  about 
5  more  voltage  transients  occur, 
corresponding  to  flickers  in  the 
tube,  until  the  fluorescent  tube  fi¬ 
nally  starts  and  remains  on.  The 
end  of  the  recording  shows  a  con¬ 
stant  voltage  being  maintained 
across  the  tube,  and  the  current, 
which  is  limited  now  by  the  ballast 
and  the  resistance  of  the  gas  in  the 
tube.  The  slope  of  each  peak  of 
the  voltage  characteristic  is  the  re¬ 
sult  of  the  charging  and  discharg¬ 
ing  of  the  capacitor  during  each 
cycle. 

Such  a  recording  provides  the 
lamp  manufacturer  with  an  excel¬ 
lent  means  of  evaluating  the  action 
of  the  gaseous  starter,  the  tube 
characteristics  and  the  optimum 
constants  for  the  ballast  and  capac¬ 
itor.  Since  the  life  of  a  starter  and 
fluorescent  tube  depends  to  a  great 
extent  on  the  number  of  times  that 
starting  occurs,  it  is  of  advantage 
to  be  able  to  study  these  transients 
in  detail. 

Frequency  Drift 

A  method  of  recording  oscillator 
drift  by  time  is  shown  in  Fig.  6. 
The  oscillogram  was  obtained  by 
a  variation  of  the  second  method 
of  CQi»tinuous-motion  photography. 
The  recurrent  sweep  of  the  oscillo¬ 
scope  was  locked  to  a  standard  fre¬ 
quency  and  the  output  of  a  drifting 
oscillator  was  connected  to  the  Z- 
amplifier  input.  The  sweep  appears 
as  a  line  across  the  film  with  a  por¬ 
tion  blanked  out  by  the  drifting 
oscillator  signal. 

If  the  oscillator  frequency  and 
phase  are  constant  with  respect  to 
the  standard  frequency,  the  blank¬ 
ing  will  occur  at  the  same  point  and 
appear  as  a  straight  path  along  the_ 
length  of  the  recording.  Notice 
how  the  oscillator  drifts  rapidly  at 
first  and  then  becomes  relatively 
stable.  A  frequency-drift  record 
such  as  this  can  be  extended  to  over 
eight  days  on  a  1,000-ft.  magazine. 


The  camera  provides  a  means  of 
obtaining  voltage  time  curves  of 
power  lines,  power  supplies,  voltage 
stabilizers  and  regulators.  The  out¬ 
put  voltage  of  an  OB2  gas  regulator 
tube  is  shown  in  Fig.  7.  This  char¬ 
acteristic  was  obtained  by  rapidly 
varying  the  load  on  a  regulated 
supply  from  0  to  10  milliamperes. 
From  a  curve  such  as  this,  the  volt¬ 
age  recovery  time  of  a  voltage  regu¬ 
lator  may  be  determined  for  either 
rapid  or  slow  charges  in  load. 

Nuclear  Physics 

One  of  the  simplest  applications 
of  the  camera  and  oscilloscope  is 
to  record  the  output  of  a  particle 
counter  tube.  Figure  8  show^  an 
oscillogram  of  the  output  pulses  of 
a  gamma-ray  counter  connected  to 
an  oscilloscope.  The  random  nature 
of  the  pulses  and  the  apparent 
showers  of  cosmic  rays  is  recorded. 
By  running  the  film  faster  or  by 
using  the  oscilloscope-sweep  record¬ 
ing  method,  the  pulses  can  be 
further  separated,  and  the  number 
during  any  time  interval  can  be 
counted  by  using  a  time-marker 
track. 

Biology  and  Physiology 

Figure  9  is  a  typical  biological 
recording  showing  the  action 
potential  of  a  frog’s  sciatic  nerve 
in  response  to  electrical  stimulation 
at  a  repetition  rate  of  100  per 
second.  An  electrical-pulse  stimu¬ 
lator  was  used  to  stimulate  the 
nerve  and  simultaneously  initiate 
the  driven  sweep  of  an  oscilloscope 
at  a  pulse  repetition  rate  of  100  per 
second.  The  film  was  run  at  about 
3  inches  per  second,  each  successive 
reaction  occurring  beneath  the 
other.  At  the  start  of  the  record¬ 
ing  a  portion  of  the  nerve  had  been 
dipped  into  a  powerful  nerve  poison 
and  the  reaction  of  the  nerve  to  the 
stimuli  gradually  diminished. 

The  bottom  portion  of  the  re¬ 
cording  shows  the  diminished  re¬ 
sponse  caused  by  poisoning  of  the 
nerve.  Actually,  the  entire  record¬ 
ing  occupied  about  100  feet  of  film 
so  only  small  portions  of  the  begin¬ 
ning  and  end  are  shown.  The  trail¬ 
ing  edge  of  the  stimulating  pulse 
can  be  seen  at  the  left  of  each 
sweep.  The  recording  was  obtained 
at  the  Columbia  Medical  Center  in 
New  York  City  with  the  permission 


and  kind  assistance  of  Dr.  H. 
Grundfest. 

Applied  Acoustics 

Recently,  methods  have  been 
tried  to  teach  the  deaf  to  see  sounds 
by  sight-reading  of  patterns  on 
luminescent  screens.  An  extension 
of  this  method  to  record  these  pat¬ 
terns  on  photographic  paper  is  an 
obvious  consideration  and  perhaps 
this  will  some  day  lead  to  musical 
libraries  for  the  deaf. 

With  an  oscilloscope  and  continu¬ 
ous-motion  camera,  acoustics  de¬ 
sign  engineers  now  have  a  new 
means  of  observing  the  location 
and  measuring  the  duration  of 
sound  reflections  from  walls  or  ob¬ 
jects  in  auditoriums  or  sound 
studios.  Measurement  of  rever¬ 
beration  time  is  one  of  the  difficult 
problems  with  which  the  acoustics 
designer  must  cope.*  Usually  the 
reverberation  time  is  calculated 
mathematically  by  measuring  the 
absorption  surfaces  of  every  unit 
in  a  room  and  applying  acoustical 
absorption  coefficients  to  these 
measurements,  including  them  all 
in  a  formula.  Some  designers 
make  use  of  tables  and  nomographs 
to  simplify  these  calculations.* 

A  continuous  recording  showing 
the  reverberations  in  a  closed  room 
caused  by  a  sharp  sound  impulse 
is  shown  in  Fig.  10.  The  complete 
sound  decay  is  not  shown  because 
of  lack  of  space.  As  applied  to  the 
problems  of  acoustic  design  the 
reverberations  may  be  picked  up 
by  a  very  directional  microphone, 
and  the  recording  would  then  show 
the  amplitude  and  location  of  the 
source  of  most  echos.  Proper  place¬ 
ment  of  sound  damping  materials 
is  then  facilitated  ."ind  an  over-all 
reverberation  time  recording  may 
be  made. 
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Designing  INDUSTRIAL 


Electronic  computer  is  adjusted  to  simulate  an  industrial  operation  and  its  control. 
Engineer  then  manipulates  system  to  determine  optimum  design.  To  simplify  computer 
construction  and  increase  speed  very  fast  time  scales  are  used  in  computing  circuits 


and  syntheses  of  idealized  systems 
were  made.  Hydraulic  analogs  of 
thermal  systems  were  built  from 
which  transient  behavior  could  be 
studied  readily  by  direct  measure¬ 
ment. 

Beginning  in  1936  the  writer 
developed  a  complete  computational 
Automatic  Control  Analyzer  based 
on  interconnected  high-speed  mod¬ 
els  of  both  process  equipment  and 
its  associated  controller,  which  took 
the  form  shown  in  Fig.  2A.  Differ¬ 
ent  masks  depicting  the  processes 
and  controls  being  studied  were 
superimposed  on  the  panel  to  facili¬ 
tate  visualizing  the  system;  the  in- 


trols,  servomechanisms  or  position 
followers,  navigational  controls, 
and  stabilizers  for  power  plants. 

Designing  Controllers  by  Analogs 

As  long  as  a  process  remains  in 
the  steady  state  its  analysis  is  rela¬ 
tively  simple.  About  two  decades 
ago  engineers  in  the  process  indus¬ 
tries,  particulary  those  concerned 
with  instrumentation,  became  con¬ 
cerned  with  the  dynamic  nature  of 
their  processes  and  equipment, 
especially  under  automatic  opera¬ 
tion.  Owing  to  the  complexity  of 
such  problems,  early  studies  were 
empirical.  Mathematical  analyses 
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USE  OF  ANALOGS  makes  it  possi¬ 
ble  to  experiment  readily  with 
devices  or  phenomena  under 
changes  of  scale  or  after  transfor¬ 
mation  of  their  variables.  All 
models,  whether  they  are  the  small- 
scale  replicas  used  by  civil  engi¬ 
neers,  model  airplanes  in  the  wind 
tunnels  of  aerodynamic  engineers, 
miniature  boat  hulls  in  the  towing 
tanks  of  naval  architects,  or  the 
equivalent  circuits  used  by  acousti¬ 
cal  engineers  to  study  microphones, 
are  analogs.  Dynamic  analogs  can 
be  highly  complex  assemblies  such 
as  differential  analyzers,  abstrac¬ 
tions  such  as  mathematics  itself,  or 
direct  simulations  of  the  process. 

The  great  advantage  of  analogs 
as  devices  for  solving  engineering 
problems  is  that  they  are  simple. 
Electrical  analogs  of  mechanical, 
thermal,  or  other  systems  can  be 
assembled  and  adjusted  quickly  and 
easily.  For  example,  in  designing  a 
pneumatic  control,  the  analogous 
electrical  network  of  resistors  and 
capacitors  of  Fig.  lA  was  built.  As 
a  suitable  design  evolved  from  ex¬ 
periment  a  more  formal  network 
was  constructed.  Finally,  after  ex¬ 
perience  in  the  laboratory  under 
many  control  circumstances,  the 
actual  pneumatic  control  of  Fig.  IB 
was  built.  Much  time  and  costly 
machining  were  saved  using  the 
easily  modified  electrical  analogy. 

To  facilitate  making  electrical 
analogies  and  to  perform  the 
broader  functions  of  analog  com¬ 
puters  in  problems  dealing  with 
automatic  controllers,  the  Analaut 
has  been  developed.  It  is  a  flexible 
electronic  instrument  for  study  and 
demonstration  of  regulatory  sys¬ 
tems  such  as  industrial  process  con- 


FIG.  1 — Electrical  analog  (A)  simplifies  design  of  pneumatic  controller  (B) 
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CONTROLLERS  By  Analog 


strument  is  still  in  use.  The  same 
basic  technique,  developed  to  a 
higher  degree,  is  employed  in  the 
modern  instrument  shown  in  Fig. 
2B.  It  is  used  for  designing  con¬ 
trols  and  also  for  predicting  the 
necessary  type  of  control  for  a  pro¬ 
posed  installation  and  the  adjust¬ 
ment  for  optimum  performance  of 
complex  systems. 

Whereas  controllers  can  be  de¬ 
signed  by  mathematical  analysis 
provided  the  system  is  not  prohibi¬ 
tively  complex  or  by  testing  in  the 
completed  plant  if  adjustments  to 
the  system  can  be  made  safely  and 
economically,  it  is  simpler  to  repre¬ 
sent  the  closed  control-process  loop 
by  an  analog.  The  heavy  lines  of 
Fig.  3A  show  the  loop  whose  prop¬ 
erties  are  to  be  studied ;  the  rest  of 
the  diagram  shows  the  elements  of 


the  analog  analyzer.  The  control 
manipulates  the  plant  input  m  in 
recognition  of  the  unbalance  u  so  as 
to  cause  the  regulated  variable  v  to 
follow  its  desired  value  v*,  thus 
reducing  the  absolute  value  of  the 
unbalance  u  to  a  minimum  near 
zero.  All  the  variable  and  param¬ 
eters  in  the  analog  are  the  counter¬ 
parts  of  those  in  the  actual  plant. 

In  the  analog  computing  system, 
the  controller  and  the  plant  are  rep¬ 
resented  by  electronic  model  assem¬ 
blages,  a  basic  circuit  of  which  is 
shown  in  Fig.  3B.  The  essential 
loop  variables  are  transformed  into 
measurable  voltages,  each  of  which 
can  be  related  to  the  corresponding 
plant  variable  by  an  appropriate 
scale  factor  such  as  pounds  per 
square  inch  per  volt  (to  convert  to 
pressure  in  a  pneumatic  control). 


For  repesenting  the  desired  value 
there  is  a  manually  adjustable 
steady  component  and  an  optionally 
inserted  variable  component  for 
disturbing  the  system.  The  flexi¬ 
bility  of  the  instrument  permits 
comparing  controlled  and  uncon¬ 
trolled  responses  of  the  simulated 
system,  studying  hysteresis  and  ex¬ 
cursion  limit  effects,  inserting  con¬ 
ventional  regulating  functions  with 
proportional,  derivative,  integral, 
and  second  integral  effects,  and 
inserting  special  features  from  ex¬ 
ternal  circuits.  Response  of  the 
analog  is  determined  by  disturbing 
it  with  a  recurrent  pulse  and  ob¬ 
serving  the  transient  on  an  oscillo¬ 
scope.  The  time  scale  of  the  analog 
is  made  short  so  that  the  loop  will 
have  returned  to  equilibrium  before 
the  next  pulse  and  so  that  the  com¬ 
puting  elements,  especially  the 
capacitors,  can  be  conveniently 
small.  The  disturbance  can  be  in¬ 
serted  at  any  desirable  point  in  the 
loop. 

Usually  the  variations  around  the 
simulated  loop  are  displayed  as 
functions  of  time  on  the  oscillo¬ 
scope,  with  suitable  timing  markers 
if  necessary.  However,  by  plotting 
one  variable  against  another  para¬ 
metric  plots  of  great  interest  can 
be  obtained.  Figure  4  shows  curves 
plotted  against  time,  and  a  para¬ 
metric  curve  (for  a  more  complex 
system)  by  way  of  comparing  the 
two  types  of  displays.  The  para¬ 
metric  method  shows  the  stability 
and  phase  relations  among  signifi¬ 
cant  loop  variables. 

With  such  an  analog  of  the  pro¬ 
cess  an  analog  of  the  appropriate 
controller  can  be  developed  and  its 
suitability  observed  from  the  tran¬ 
sient  response  obtained.  By  manip¬ 
ulating  plant  or  control  parameters 
that  are  likely  to  vary  during  oper¬ 
ation,  critical  conditions  can  be 
found  and  evaluated.  With  this  in¬ 
formation  the  control  is  practically 
designed.  The  fast  operating  time 
of  the  analog  permits  observing  the 
complete  transient  response  as  an 
adjustment  is  made,  so  that  a  com- 


FIG.  2 — Circuits  of  analog  computer  simulate  plant  and  controller 
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FIG.  5 — Control  for  hoot  exchanger  in  this  pasteurising  plant 
was  designed  by  means  of  electrical  analogs 


FIG.  6 — Floating  thermometer  head  on  plastic  calendering 
roller  actuates  outomatic  process  controller 


on  the  amplitude  of  the  input,  its 
period,  and  the  time  constant  of  the 
integrator.  Other  types  of  com¬ 
puting  networks  require  other  tech¬ 
niques  for  calibration  and  adjust¬ 
ment,  but  this  example  illustrates 
the  simplicity  of  the  methods. 

The  combinations  possible  with 
this  basic  circuit  provide  a  power¬ 
ful  general  technique  for  construct¬ 
ing  computers  and  control  analogs. 
Most  dynamic  conditions  can  be  re¬ 
produced  with  this  circuit  and  com¬ 
binations  of  passive  networks.  For 
a  small  project,  or  for  initial  ex¬ 
perimentation,  the  basic  circuit  us¬ 
ing  batteries  is  especially  appropri¬ 
ate  because  well-regulated  power 
supplies  are  unnecessary.  As  used 
in  the  control  analog  computer, 
common  power  supplies  and  auxil¬ 
iary  switching  and  calibration  cir¬ 
cuits  are  necessarily  added  to  the 
basic  circuit. 

Industrial  Applications 

The  first  step  in  using  the  analog 
computer  for  designing  an  auto¬ 
matic  control  for  an  industrial 
plant  or  process  is  to  reduce  the 
actual  system  to  its  elecrical  model. 
In  many  processes  it  is  possible  to 
recognize  the  electrical  analogs 
from  the  equipment  and  to  compute 
parameters  from  known  data  or  by 
simple  tests.  Distributed  param¬ 
eters  can  usually  be  represented 
to  useful  accuracies  with  a  few 
lumped  sections. 

As  mentioned  above,  if  a  direct 
approach  is  not  feasible  the  "^dy¬ 
namic  response  of  the  plant  can  be 
determined  by  introducing  a  known 
disturbance  at  the  input  or  manipu¬ 
lated  variable  and  observing  the 


disturbance  produced  at  the  output 
or  regulated  variable.  The  plant 
must  remain  in  a  sufficiently  undis¬ 
turbed  condition,  aside  from  the 
intentional  disturbance,  or  the 
measurement  must  be  repeated 
often  enough  to  eliminate  random 
effects.  Where  the  response  de¬ 
pends  on  the  condition  of  the  load 
or  there  are  other  nonlinearities,  a 
series  of  tests  may  be  necessary. 
The  record  of  plant  response  is  then 
duplicated  to  a  much  faster  time 
scale  on  the  control  computer,  with 
especial  attention  to  duplicating 
delay  and  the  initial  portions  of  the 
response.  Once  the  plant  response 
has  been  provided  in  the  analyzer, 
the  appropriate  control  can  be 
quickly  determined. 

Two  typical  problems  illustrate 
more  specifically  how  the  analog 
method  of  designing  controllers  is 
carried  out  in  practice.  Figure  5 
shows  a  portion  of  a  high  temper¬ 
ature  pasteurizer;  the  main  heat 
exchanger  is  at  the  right  and  the 
instrument  panel  in  the  near  back¬ 
ground.  Several  interlocking  con¬ 
trols  are  included  in  the  plant  to 
assure  holding  every  drop  of  milk 
at  a  maximum  temperature  for  a 
minimum  interval,  avoiding  over¬ 
heating.  The  crucial  regulation 
problem  is  to  control  the  hot  water 
temperature  in  the  final  milk  heater 
stage  at  a  point  chosen  for  its  sig¬ 
nificant  relation  to  the  milk  temper¬ 
ature  by  manipulating  a  steam 
valve  elsewhere  in  the  system. 
Under  manual  operation  with  water 
replacing  the  milk  to  avoid  acci¬ 
dents,  a  record  was  made  of  the 
temperature  variations  resulting 
from  a  sudden  known  change  of  the 


steam  valve.  From  this  informa¬ 
tion  the  settings  for  a  proportional 
derivative-integral  control  were  de¬ 
termined  pn  the  analog  computer. 
High  performance  was  obtained 
from  the  predicted  settings  and 
further  adjustments  were  unneces¬ 
sary. 

In  another  type  of  problem  the 
crucial  regulated  variable  was  the 
surface  temperature  of  the  central 
roll  of  a  plastic  calender.  The 
temperature  was  measured  elec¬ 
tronically  by  the  floating  head 
shown  in  Fig.  6  and  recorded  on  a 
self-balancing  capacitor  bridge  in¬ 
strument.  The  manipulated  vari¬ 
able  was  steam  pressure  under  con¬ 
trol  of  an  auxiliary  or  cascaded 
regulator.  By  making  a  manual 
change  in  the  steam  pressure,  the 
plant  response  was  obtained  on  the 
temperature  recorder.  The  analog 
of  the  plant  was  then  set  to  dupli¬ 
cate  this  response  and  several  con¬ 
trol  methods  studied.  The  best 
type  control  mechanism  thus  deter¬ 
mined  w'as  installed  and  set  to  the 
predicted  dynamic  adjustments, 
giving  satisfactory  control  imme¬ 
diately. 

Besides  providing  a  design  and 
operating  tool  in  the  field  of  auto¬ 
matic  control,  this  type  of  analog 
has  also  proved  useful  in  instruct¬ 
ing  plant  personnel  and  as  a  college 
lecture  room  demonstrator  and  lab¬ 
oratory  test  set.  Acknowledgement 
is  made  to  the  engineers  of  The 
Foxboro  Company  for  whom  the 
early  developments  of  these  tech¬ 
niques  were  made,  and  to  Prof. 
J.  A.  Hrones  of  MIT  for  encour¬ 
agement  in  their  application  to 
the  pedagogy  of  automatic  controls. 
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plete  study  of  a  system  can  be  com¬ 
pleted  quickly. 

Basic  Circuit 

For  special  purposes  the  analog 
might  be  arranged  differently  than 
the  one  described  here,  but  the 
same  basic  circuit  can  be  used. 
Most  of  the  complete  analog  system 
is  based  on  conventional  electronic 
techniques  and  so  need  not  be  re¬ 
viewed.  However,  it  should  be 
pointed  out  that,  of  the  possible 
mediums  for  building  analogs,  the 
convenience  and  flexibility  of  elec¬ 
tronic^  circuits  makes  them  excel¬ 
lent*  for  experimental  purposes.  If 
one  stays  well  above  the  noise  and 
drift  thresholds,  there  is  no  prac¬ 
tical  limit  io  the  precision  that  can 
be  obtained  if  the  needs  justify  the 
effort.  At  the  opposite  exreme,  tube 
noise  can  be  employed  for  random 
excitations  where  statistical  evalu¬ 
ations  are  to  be  made. 

Figure  3B  shows  a  useful  gen¬ 
eral-purpose  circuit  for  use  in  elec¬ 
tronic  analogs.  Considered  as  an 
amplifier,  the  circuit  is  directly 
coupled  for  handling  direct  current 
but  can  operate  to  frequencies  that 
are  high  compared  to  the  funda¬ 
mental  frequency  employed  in  the 
disturbance.  The  input  impedance 
as  seen  from  Ci  is  very  high.  The 
internal  impedance  of  the  circuit 
is  also  relatively  high  so  that  for 
reliable  results  substantially  no 
current  can  be  drawn  from  the  out- 


FIG.  3 — (A)  Block  diaorom  oi  automatic 
control  computor,  and  (B)  basic  circuit  oi 
usod  in  ths  anoloq  computer  elements 


FIG.  4 — Reproduction  from  oscilloscope  tracings  show  how  optimum  response  of 
plant  con  be  determined  by  systematic  adlustment  of  earious  controller  adjustments 


put  by  the  load.  Thus,  because  no 
current  can  be  drawn  at  the  output 
c„  the  circuit  is  usually  followed  by 
another  of  the  same  kind. 

A  fixed  source  of  screen  excita¬ 
tion  is  provided,  giving  constant 
gain  to  zero  frequency.  The  same 
voltage  source  provides  a  reverse 
current  mode  of  operation  in  the 
computing  portion  of  the  circuit. 
Dropping-resistance  R  is  chosen 
near  the  average  effective  d-c  plate 
resistance  of  the  tube.  A  pecu¬ 
liarity  of  the  circuit  is  that  there 
are  no  paths  from  the  tube  elec¬ 
trodes  to  ground  other  than  those 
through  the  elements  and 
thus  the  currents  through  these  ele¬ 
ments  are  equal  and  opposite.  As 
the  grid  voltage  approaches  cutoff, 
current  circulates  through  Z,  and 
Z,  in  that  order,  making  the  output 
e,  positive.  At  the  opposite  ex¬ 
treme,  the  current  circulates  in  the 
reverse  direction  making  e,  nega¬ 
tive.  Because  the  voltage  across  Zi 
follows  e„  the  output  e,  is  djmami- 
cally  related  to-  Ci  in  a  manner  de¬ 
pendent  almost  entirely  on  the 
values  of  Zi  and  Z,. 

If  Zi  is  purely  resistive,  the  cur¬ 
rent  in  Z,  corresponds  to  the  input 
voltage  e,.  This  property  is  useful 
in  various  ways ; .  for  example,  Z, 
can  be  the  input  terminals  of  a 
four-terminal  filter,  in  which  case 
the  current  into  the  filter  is  directly 
manipulable  with  no  expenditure  of 
input  energy. 

If  Zj  is  also  purely  resistive  and 
equal  to  Z„  reversal  of  sign  or 
“minus  one”  operation  results. 
With  Zi  and  Z,  replaced  by  a  single 
linear  potentiometer,  a  distortion¬ 
less  inverting  amplifier  having  a 


useful  adjustment  is  obtained. 
With  the  tap  in  the  center,  the  gain 
or  transfer  function  is  nearly  unity. 
Deflection  of  the  tap  in  one  direc¬ 
tion  gives  a  transfer  or  gain  of  G 
and  an  equal  deflection  in  the  other 
direction  gives  a  gain  of  1/G. 

With  Zi  still  purely  resistive,  if 
Z,  is  purely  capacitive,  the  circuit 
is  a  reasonably  good  integrator 
with  a  time  constant  RiCt.  In  the 
control  analog  computer  for  which 
this  circuit  was  developed,  the  com¬ 
puting  interval  is  typically  four 
milliseconds,  so  that  the  time  con¬ 
stant  of4he  integrator  can  be  made 
long  compared  to  the  computing 
time  using  components  of  reason¬ 
able  size.  If  the  elements  are  re¬ 
versed  the  circuit  is  a  differenti¬ 
ator.  In  fact  there  are  numerous 
dynamic  characteristics  that  can  be 
obtained  using  different  combina¬ 
tions  of  impedances  for  Zi  and  Z,. 
The  nominal  equation  for  the  cir¬ 
cuit  is  given  in  Fig.  3B. 

In  operating  the  circuit,  care 
must  be  taken  to  prevent  saturation 
of  the  tube  or  components.  For  ex¬ 
ample,  a  typical  fast  integrator  will 
integrate  to  a  limit  in  a  millisecond 
with  one  volt  remaining  on  the 
input.  However,  such  a  device  can 
be  tested  and  calibrated  by  apply¬ 
ing  a  square  wave  of  about  five 
volts  amplitude  to  the  input,  with 
an  additive  adjustable  d-c  bias.  The 
bias  can  be  set  to  bring  the  effective 
input  level  to  zero  and  will  keep  the 
output  within  the  limits  of  satura¬ 
tion.  Under  these  conditions  a 
sharp  and  straight  sawtooth  will  be 
produced  in  the  output  by  a  sharp 
square  wave  at  the  input ;  the  ampli¬ 
tude  of  the  output  will  be  dependent 


no 
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Catalytic  action  is  a  surface 
phenomenon.  Electron  diffraction 
photographs  reveal  the  presence  of 
the  very  thin  layer  of  material  re¬ 
sponsible  for  this  action.  Lubrica¬ 
tion  is  a  function  of  the  surface 
film.  Hence  the  electron  diffraction 
instrument  is  important  in  deter¬ 
mining  good  lubricating  films  and 
in  controlling  processes  for  their 
production.  In  addition,  it  is  use¬ 
ful  for  studying  surface  changes  on 
bearings  and  engine  cylinder  walls. 

Method  of  Operation 

The  instrument  is  mounted  on  a 
portable  table.  The  major  com¬ 
ponents  are  an  electron  gun  that 
produces  the  electron  beam,  an 
apertured  anode  that  accelerates 
and  positions  the  beam,  a  marnetic 
lens  for  focusing  and  posi'.i  >ning 
the  beam  on  the  specimen,  the  speci¬ 
men  chamber  with  manipulator  for 


adjusting  the  position  of  the  speci¬ 
men,  a  mechanical  shutter  for  con¬ 
trolling  exposures  and  provided 
with  a  fluorescent  coating  for  visual 
indication  of  focus,  a  camera  box 
with  fluorescent  screen  for  viewing 
the  diffraction  pattern  and  with 
space  for  five  4  by  5  inch  photo¬ 
graphic  plates  for  recording  the 
pattern,  the  evacuating  system,  and 
the  power  supply. 

Either  of  two  apertured  anodes, 
which  are  grounded  and  thus  main¬ 
tained  at  a  positive  potential  rela¬ 
tive  to  the  filament,  can  be  brought 
into  position  and  adjusted  mechan¬ 
ically  for  proper  positioning  of  the 
electron  beam.  One  aperture  admits 
a  beam  of  0.002-inch  diameter,  the 
other  0.008-inch  diameter. 

The  specimen  chamber  is  about 
6.5  inches  square  by  8  inches  deep. 
Samples  are  admitted  through  a 
door  6  inches  in  diameter.  Three 


of  the  faces  of  the  chamber  are  pro¬ 
vided  with  glass  ports  3.5  inches  in 
diameter.  These  glass  windows  are 
interchangeable  with  metal  plates 
or  other  accessories.  One  accessory, 
a  specimen  manipulator,  is  normally 
mounted  on  the  top  port.  Another 
accessory  that  can  be  mounted  on 
the  front  port  when  required,  is  an 
auxiliary  electron  gun  for  neu¬ 
tralizing  charges  that  collect  on 
certain  specimens. 

The  specimen,  the  surface  char¬ 
acteristics  of  which  are  to  be 
studied,  is  mounted  on  the  specimen 
holder.  After  vacuum  has  been 
established  and  electrons  are  pass¬ 
ing  through  the  apertured  anode  to 
form  a  beam,  the  operator  focuses 
the  beam  on  the  shutter  by  means 
of  the  magnetic  lens  until,  by  ad¬ 
justment  of  the  apertured  anode, 
the  unfocused  and  focused  beams 
coincide.  Specimen  adjustments 
are  made  with  the  manipulator 
until  a  diffraction  pattern  is  ob¬ 
tained  on  the  fluorescent  screen. 
The  distance  of  the  specimen  from 
the  screen  is  determined  by  an  ac¬ 
cessory  telescope,  which  can  be 
mounted  on  the  specimen  chamber. 

When  a  photograph  of  the  pat¬ 
tern  that  has  been  focused  on  the 
fluorescent  screen  in  the  camera 
box  is  desired  the  beam  is  inter¬ 
rupted  by  the  shutter.  A  photo¬ 
graphic  plate  is  lowered  from  the 
upper  plate  holder  by  actuating  a 
push  button.  The  shutter  is  then 
opened  long  enough  for  the  ex¬ 
posure.  Then  the  plate  is  dropped 
into  the  lower  plate  holder  by  oper¬ 
ating  another  push  button. 

The  evacuating  system  consists 
of  a  mechanical  pump  and  an  oil 
diffusion  pump,  separately  mounted 
beneath  the  assembly.  A  valve 
seals  the  chamber  from  the  pumps 
during  specimen  changes  or  loading 
and  unloading  of  the  camera.  Vac¬ 
uum  is  measured  by  a  thermocouple 
gage.  Time-delay  relays  prevent 
premature  application  of  voltage. 

The  power  supply,  furnishing 
accelerating  potential  to  the  main 
electron  beam,  is  adjustable  from  20 
to  50  kilovolts  and  is  stabilized  and 
ripple-free  to  better  than  0.1  per¬ 
cent.  A  high-frequency  supply 
furnishes  current  for  the  filament 
of  the  electron  gun.  A  zero-center 
instrument  indicates  any  variation 
of  the  high  potential  greater  than 
0.05  percent. 


Elements  oi  electron  diiiraction  instrument  show  Its  operating  principle 
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Electron  Diffraction  for 
Film  and  Surface  Studies 


Crystalline  structures  of  thin  films  can  be  determined  by  diffraction  patterns  produced 
when  electrons  are  directed  through  the  material.  Surfaces  of  materials  are  studied  by 
patterns  of  reflected  electrons.  Applications  and  equipment  for  the  technique  are  described 

By  8.  A.  DOXEY  _ _ _ 

Special  Products  Division 
Oeneral  Electric  Company 
Schenectady,  N.  Y. 


Although  oxidation  ol  a  magnesium  disc 
was  not  visible,  diis  reflection  electron 
pattern  shows  the  surface  presence  of 
magnesium  oxide 


Aluminum  mounted  on  a  Formvar  film  to 
give  a  totol  thickness  less  than  500  Ang¬ 
strom  units  produced  this  transmission 
electron  diffraction  pattern 


The  electron  diffraction  instru¬ 
ment  is  a  research  tool  de¬ 
signed  to  aid  physicists  in  observ¬ 
ing  and  measuring  conditions  on 
surfaces,  or  in  thin  layers,  of  mate¬ 
rials  such  as  metals,  ceramics,  and 
plastics.  In  it  a  beam  of  electrons 
is  directed  at  the  material  being 
studied  and  the  resulting  diffrac¬ 
tion  pattern  is  observed  visually  on 
a  phosphorescent  plate  or  photo¬ 
graphic  records  are  made.  This 
pattern  consists  of  rings,  the  diam¬ 
eters,  intensities,  and  sharpnesses 
of  which  indicate  composition, 
orientation,  and  atomic  arrange¬ 
ment  of  crystalline  material. 

Types  of  Applications 

The  electron  diffraction  technique 
is  used  for  investigating  corrosion, 
catalysts,  lubricants,  surface  de¬ 
posits,  pigments  for  paints,  inks, 
dyes,  graphite,  and  many  phases  of 
metallurgy.  The  diffraction  pat¬ 
terns  are  similar  to  those  produced 
by  x-ray  diffraction.  The  essential 
difference  is  that  diffraction  pat¬ 
terns  resulting  from  reflecting  elec¬ 
trons  from  the  test  samples  indicate 
conditions  only  on  surfaces  of 
samples,  while  diffraction  patterns 
from  electrons  projected  through 
test  samples  indicate  internal  con¬ 
ditions  of  thin  films.  X-ray  dif¬ 
fraction  indicates  the  condition 


throughout  the  entire  specimen. 

Comparison  may  be  made  between 
electron  diffraction  patterns  ob¬ 
tained  by  various  users  of  electron 
diffraction  equipment,  or  with  the 
card  index  of  x-ray  diffraction  pat¬ 
terns  iflaintained  by  the  American 
Society  for  Testing  Materials. 

The  electron  diffraction  instru¬ 
ment  is  used  in  research  developing 
better  filaments.  It  is  now  gener¬ 
ally  known  that  primary  and  sec¬ 
ondary  electron  emission  is  a  func¬ 
tion  of  the  surface  conditions.  The 
instrument  has  been  used  in  the 
General  Electric  Research  Labora¬ 
tory  in  the  study  of  better  material 
for  secondary  emission.  In  this 
case,  a  magnesium-silver  alloy  was 
heated,  after  which  the  surface  was 
examined  by  the  electron  diffraction 
instrument  and  found  to  be  mag¬ 
nesium  oxide,  which  is  good  for 
secondary  emission. 

In  studying  the  cause  and  pre¬ 
vention  of  corrosion,  it  is  essential 
to  determine  its  nature  in  very 
early  stages.  Electron  diffraction 
will  detect  minute  changes  and  thus 
will  help  to  identify  chemical 
changes  before  they  are  visible 
under  a  microscope.  By  studying 
corrosion  resistance  of  alloys  in  dif¬ 
ferent  atmospheres,  the  instrument 
has  aided  in  selecting  the  best 
material  for  gas-turbine  buckets. 
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GANG  SWITCH 


Technique  for 
Distortion  Analysis 


FIG.  1 — CUppwd  ftin*  war*  (A);  doubl*  clipped  tin*  war*  (B);  doubl*  clipped  line 
ware  showing  phase  shift  (C) 


Modification  of  clipped  sine  waves  by  circuits  under  observation  is  displayed  on  a  cathode- 
ray  oscilloscope  for  quick  analysis  of  audio  response.  Typical  patterns  are  given,  and  a 
simple  equipment  comprising  biased  crystal  rectifiers  is  described 


By  SAMUEL  SABAROFF* 

Consultant 

Barker  and  Williamson,  Inc. 
Upper  Darby,  Pa. 


FIG.  2 — Circuit  diagram  of  o  sine  wore  clipper  with  output  wayeforms  for  yarious 
switch  positions  indicated 


•  Transmitter  Engineer.  Radio  Station 
WCAU,  Philadelphia,  Pa. 
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Distortion  in  a  linear  circuit 
can  be  separated  into  two 
general  categories:  nonlinear  dis¬ 
tortion;  and  frequency  distortion. 
Nonlinear  distortion  is  caused  by 
impedances  that  are  functions  of 
current  or  voltage.  A  sine  wave 


introduced  in  such  an  impedance 
will  be  distorted  in  waveform  be¬ 
cause  of  the  harmonics  generated. 
These  nonlinear  impedances  are 
generally  resistive,  like  those  en¬ 
countered  in  a  tube  or  crystal. 

A  sine  wave  introduced  in  a  cir- 


SWITCH  POSITIONS 
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cuit  containing  only  reactance  will 
not  be  distorted  in  waveform,  but 
may  be  changed  in  phase  and  ampli¬ 
tude.  This  phase  shift  and  ampli¬ 
tude  change  may  also  vary  with 
frequency.  Harmonics  are  not  gen¬ 
erated  in  this  kind  of  a  circuit, 
though  they  may  be  selectively  di¬ 
minished  or  accentuated. 

Circuits  in  general  have  both 
nonlinear  distortion  and  frequency 
distortion.  The  amount  and  kind 
of  di.stortion  that  can  be  tolerated 
in  a  circuit  depends  on  its  use. 
Communication  circuits,  in  which 
intelligibility  is  paramount,  can 
have  considerable  distortion, 
whereas  broadcast  circuits  should 
have  negligible  distortion. 

Measurement  of  Distortion 

There  are  various  ways  of  deter¬ 
mining  distortion  in  a  circuit  in 
order  to  indicate  its  suitability  for 
a  particular  application.  One  well- 
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known  method  utilizes  the  circuit 
response  to  a  sine  wave.  Nonlinear 
distortion  is  measured  by  noting 
the  percentage  of  harmonics  gener¬ 
ated  in  the  circuit  for  various  fre¬ 
quencies  and  amplitudes.  The 
effect  of  reactance  is  measured  by 
the  variation  in  gain  as  the  fre¬ 
quency  is  varied. 

The  interdependence  of  the  two 
kinds  of  distortion  is  not  always 


clearly  stated.  The  harmonics  gen¬ 
erated  by  nonlinear  distortion  will 
be  influenced  by  the  frequency 
characteristic,  so  that  the  sine 
wave  analysis  is  correct  only  if 
either  the  nonlinear,  or  the  fre¬ 
quency  distortion  is  found  to  be 
negligible. 

The  sine  wave  analysis  is  of 
great  utility  however,  in  that  defi¬ 
nite  and  reproducible  quantities 


are  obtained.  In  experimental,  and 
developmental  work  it  is  sometimes 
tedious  and  time  consuming. 

Standard  Waveform  Method 

A  quick  and  simple  qualitative 
anlysis  of  a  circuit  can  be  made  by 
noting  the  change  in  shape  of  cer¬ 
tain  standard  waveforms.  Wave¬ 
forms  with  a  high  harmonic  con¬ 
tent  are  particularly  suitable  for 
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investigating  the  effect  of  fre¬ 
quency  distortion  in  wide-band  cir¬ 
cuits.  One  example  is  the  square 
wave,  which  is  of  great  utility  in 
the  investigation  of  video  circuits. 
The  square  wave  can  be  considered 
to  simulate  an  extreme  Case  of  the 
kind  of  signal  the  circuits  are  re¬ 
quired  to  handle. 

Most  signals,  encountered  in 
audio  circuits  are  complex  in  that 
they  are  composed  of  a  funda¬ 
mental  and  its  harmonics.  A  test 
waveform  that  simulates  such  a 
signal,  and  that  has  been  particu¬ 
larly  useful  in  audio  circuit  analy¬ 
sis  is  shown  in  Fig.  lA.  It  is  a 
portion  of  sine  wave  and  is 
therefore  called  a  clipped  sine 
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FIG.  5— Ratponse  of  a  communicationt  amplifier.  Oeciliogranu  at  left  ahow  effect 
on  clipped  sine  woTee  and,  at  right,  on  double  clipped  wares 
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tions;  and  b  is  the  peak  to  peak 
amplitude. 

It  is  possible  of  course,  to  formu¬ 
late  and  plot  the  effect  of  various 
circuits  on  the  clipped  sine  wave 
and  the  double  clipped  sine  wave. 
For  qualitative  analysis,  however, 
it  is  practical  to  illustrate  the  effect 
of  several  typical  circuits  on  these 
test  waveforms  by  means  of  oscil¬ 
loscope  displays. 

Interstage  Transformer 

The  frequency  characteristic  of 
an  inexpensive  interstage  trans¬ 
former  is  shown  at  the  top  of  Fig. 
3.  This  transformer  is  essentially 
flat  from  30  to  3,000  cycles,  but 
with  a  large  peak  in  the  response 
at  8,000  cycles.  The  effect  of  this 
transformer  on  the  clipped  sine 
wave  is  shown  at  the  left.  At  100 
cycles,  there  is  sufficient  high-fre¬ 
quency  response  to  keep  the  corners 
sharp.  At  300  cycles,  a  transient 
has  become  evident,  becoming 
larger  at  1,000  cycles. 

The  flat  portion  of  the  clipped 
sine  wave  is  slightly  less  than  a 
half  period.  Estimating  the  num¬ 
ber  of  half  waves  of  the  transient 
on  the  flat  portion  and  multiplying 
by  two  gives  the  approximate  ratio 
of  the  transient  frequency  to  the 
driving  frequency.  In  this  case  it 
is  estimated  to  be  seven  half  waves 
for  a  1,000-cycle  half  period,  giv¬ 
ing  an  approximate  frequency  of 
7,000  cycles  for  the  transient.  It  is 
interesting  to  note  the  correspond¬ 
ence  of  the  transient  frequency  to 
the  point  of  high  gain  on  the  fre¬ 
quency  characteristic.  The  3,000 
cycle  clipped  sine  wave  indicates 
that  the  transient  frequency  has 
been  more  closely  approached. 

In  Fig.  3  at  the  right  are  shown 
the  effects  of  the  transformer  on 
the  double  clipped  sine  wave.  The 
transient  is  beginning  to  be  evi¬ 
dent  on  the  flat  portions  at  300 
cycles.  The  1,000-cycle  wave  is  ap¬ 
preciably  distorted  by  the  transient, 
and  the  steps  are  practically  ob¬ 
literated  at  3,000  cycles  owing  to 
dropping  high-frequency  response. 

High  Quality  Amplifier 

The  graph  in  Fig.  4  shows  the 
frequency  characteristic  of  a  high 
quality,  multistage,  resistance- 
coupled  amplifier.  This  amplifier  is 
essentially  flat  between  20  and  50,- 


FIG.  6 — Clipped  tine  woTe  with  iunda- 
mental  partially  tuppretted  (A);  and  with 
fundamental  partially  accentuated  (B) 


000  cycles.  The  series  of  oscillo¬ 
grams  at  the  left  shows  the  effects 
of  this  amplifier  on  the  clipped  sine 
wave.  At  30  cycles,  the  slope  of  the 
flat  portion  illustrates  the  effect 
of  phase  shift.  The  sharpness  of  the 
corners  indicates  the  presence  of 
higher  order  harmonics.  At  100 
cycles,  the  phase  shift  has  decreased 
and  the  high-frequency  response  is 
still  good.  The  oscillogram  for  300 
cycles  is  a  good  replica  of  the 
clipped  sine  wave,  as  it  is  at  1,000 
cycles.  At  3,000  cycles  the  effect  of 
high-frequency  attenuation  is  be¬ 
ginning  to  make  itself  felt,  while 
at  10,000  cycles  high-frequency  cut¬ 
off  has  rounded  the  corners  appre¬ 
ciably.  The  important  feature  in 
this  analysis  is  the  gradual  change 
in  shape  of  the  clipped  sine  wave 
over  the  frequency  range.  There 
are  no  distinct  resonant  circuits  or 
sharp  discontinuities  indicated,  nor 
would  they  be  expected  in  high- 
quality  circuits. 

The  effect  of  this  amplifier  on  the 
double  clipped  sine  wave  is  shown 
in  the  oscillograms  at  the  right. 
Phase  shift,  as  indicated  by  the 
displaced  flat  portions,  is  evident 
at  30  cycles.  This  characteristic 
decreases  with  increasing  fre¬ 
quency  until  it  is  negligible  at  1,000 
cycles.  At  3,000  cycles  the  phase 
shift  has  reversed  direction.  Above 
3,000  the  lack  of  sufficient  high-fre¬ 
quency  response  tends  to  obliterate 
the  steps,  as  shown  in  the  oscillo¬ 
gram  for  10,000  cycles. 

Figure  5  shows  the  frequency 
characteristics  of  an  amplifier  used 
for  communication  purposes.  The 
response  of  this  amplifier  is  maxi¬ 


mum  at  approximately  700  cycles. 

It  is  down  1  db  at  300  cycles,  up  1 
db  at  700  cycles  and  down  more 
than  7  db  at  3,000  cycles.  Zero  level 
is  taken  at  1,000  cycles. 

Communications  Amplifier 

The  oscillograms  of  the  effect  of 
this  amplifier  on  the  clipped  sine 
wave  are  shown  at  the  left  in  Fig. 

5.  At  300  cycles,  phase  shift  is  in¬ 
dicated  by  the  slope  of  the  flat  por¬ 
tion,  and  the  lack  of  high-frequency 
response  by  the  blunted  corners. 
The  oscillogram  for  1,000  cycles 
shows  a  rise  in  gain  at  somewhat 
less  than  1,000  cycles,  and  the  cor¬ 
ners  are  further  obliterated.  At 
3,000  cycles,  the  effect  of  a  poor 
high-frequency  response  is  evident. 
It  is  interesting  to  note  in  this 
amplifier,  also,  the  lack  of  any  tend¬ 
ency  toward  transients.  The  clipped 
sine  wave  analysis  indicates  a 
broadly  resonant  circuit,  with  max¬ 
imum  gain  at  less  than  1,000  cycles, 
and  no  significant  frequency  dis¬ 
continuities  outside  the  pass  band. 

To  the  right  are  the  oscillograms 
showing  the  effect  of  this  amplifier 
on  the  double  clipped  sine  wave. 
The  large  phase  shift  at  300  cycles 
is  shown  by  the  vertical  displace¬ 
ment  of  the  flat  portions.  These 
steps  are  increasingly  obliterated 
by  the  lack  of  high-frequency  re¬ 
sponse  at  1,000  cycles  and  3,000 
cycles. 

Tuned  Circuit  at  Driving  Frequency 

The  examples  just  given  illustrate 
the  ordinary  use  to  which  one  may 
put  the  clipped  and  double  clipped 
sine  wave.  The  effect  of  a  circuit 
tuned  to  the  fundamental  frequency 
of  the  clipped  sine  wave  was  not 
clearly  exemplified,  and  is  therefore 
illustrated.  Fig.  6A  shows  the 
shape  of  the  clipped  sine  wave  with 
the  fundamental  partially  sup¬ 
pressed,  and  (B)  with  the  funda¬ 
mental  partially  accentuated.  The 
flat  portions  have  now  become  con¬ 
cave  in  A  and  convex  as  in  B. 

When  the  driving  frequency  is 
shifted  slightly  from  that  of  the 
tuned  circuit  these  convex  and  con¬ 
cave  portions  will  be  displaced  to 
one  side.  An  example  of  this  effect 
is  shown  in  Fig.  5  (1,000  cycles, 
at  the  left)  illustrating  the  effect 
of  a  communications  circuit  on  the 
clipped  sine  wave. 
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Multivibrator  Design 
by  Grcipbic  Methods 

Simple  graphic  method  permits  accurate  design  of  free-running  multivibrator  circuit, 
eliminating  tedious  and  repeated  calculations.  Curves  are  given  for  commonly  used  tubes. 
All  phenomena  determining  circuit  operation  are  taken  into  account 


- By  A.  E.  ABBOT - 

Federal  Telecommunication  Laboratories,  Inc. 
New  York,N.  Y. 


The  equation  for  the  semipe¬ 
riod  of  the  free-running  zero- 
bias  multivibrator  shown  in  Fig.  1, 
as  derived  from  its  equivalent  cir¬ 
cuit,  is 


n 


Rl  Tp 
Rl  +  Tf 


Eh  —  E, 
E, 


where  n  -«  semiperiod  of  multivibrator 
**  gnd  resistance  , 

Rl  ■■  load  resistance 
Tp  ■■  {date  resistance 
Cl  »  coufding  capacitance 
Eh  »  plate-supidy  voltage 


) 


FIG.  1 — ^Basic  sero-bias  free-running  mul- 
tiTibrotor,  equivalent  circuit,  and  typical 
time  and  voltage  relations  at  the  plates  of 
the  tube 


\IN  KILOHMS 


FIG.  2 — Variation  of  output  voltage  with 
load  resistance  for  tubes  commonly  used 
in  multivibrator  circuits 


E„  »  minimum  alternating  voltage  on 
the  plate 

Ex  =  cutoff  voltage  corresponding  to 
Eh 

The  subscript  1  denotes  those  fac¬ 
tors  pertaining  to  tube  T,.  The  vari¬ 
ous  time  and  voltage  relationships 
in  the  wave  produced  are  shown  also 
in  Fig.  1.  In  Fig.  2  is  given  the  out¬ 
put  voltage  E,  of  the  multivibrator 
in  peak-to-peak  volts  as  a  function 
of  load  resistance. 

The  buildup  time  of  the  multivi¬ 
brator,  T*,  is  given  On  the  A  scales 
of  the  nomograph  in  Fig.  3.  This 
nomograph  is  based  on 
r*  =  4  {Rl  +  rp)  C  (2) 

The  value  of  t*  obtained  here  covers 
the  period  required  for  the  voltage 
wave  to  reach  98  percent  of  its  peak 
value. 

In  Fig.  4  it  is  assumed  that 


and  a  is  plotted  in  this  graph 
against  various  values  of  Rl  and  Eh. 
Figure  4,  therefore,  gives  a  value 
of  a  that  can  be  multiplied  by  the 
time  constant  to  give  the  semipe¬ 
riod.  Therefore,  Eq.  1  reduces  to 

Figure  5  is  a  period-versus-fre- 
quency  chart,  which  is  included  to 
facilitaW  the  determination  of  the 
whole  period  x  when  the  frequency 
is  given.  This  enables  a  simple  cal¬ 
culation  of  fractional  periods  in 
the  case  of  an  unsymmetrical  multi¬ 
vibrator  (Fig.  1) : 

T  =  Tl  -f  TJ  (5) 

where  Xi  and  t,  are  the  fractional 
periods. 

In  Fig.  6  and  7,  it  is  assumed 
that 


R  L  Tp 

Rl  +  Tp 


(6) 


Therefore,  Eq.  4  further  reduces  to 


Ti  =  {Rgi  fi)  Cl  a  (7) 

In  Fig.  6,  it  is  also  assumed  that 


Rgl 

Rgl  +  /3 


(8) 


When  plotted  against  R„  the  factor 
y  permits  an  evaluation  of  the  effect 
of  the  load  and  plate  resistances  on 
the  grid  resistance.  For  the  value 
of  Rl  selected,  if  R,  is  made  so  high 
that  y  >  0.9,  then  it  can  be  assumed 
that  ^  =  0.  When  y  >  0.9,  there  is 
approximately  a  10-percent  error 
in  the  calculation  of  this  falls  to 
5  percent  when  y  =  0.95. 
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A 


B 


A 


i  »0-k20  o 


FIG.  3 — Nomograph  interr*- 
lating  th«  ToriouB  factora  in- 
TolT*d  in  multiTlbrator  con- 
■traction.  Tho  plot*  rosistonco 
Toluo  may  bo  taken  os  9,300 
ohms  for  6F8.  615.  6SN7.  7A4. 
1215  and  12SN7  tubes,  os  10.- 
000  ohms  for  the  6C5,  and  as 
7.100  ohms  for  the  61$ 


Equation  7  reduces  to  a  simple 
equation 

Ti  *  Rgi  Cl  a  (9) 

The  B  scales  of  Fig.  3  are  a  plot 
of  Eq.  9,  and  enable  a  simple  cal¬ 
culation  of  the  fractional  period 
from  the  time  constant  and  a. 

If  the  conditions  of  the  problem 
are  such  that  y  <  <  0.9  it  will  be 
necessary  to  include  the  effect  of 
and  use  Eq.  7  rather  than  Eq.  9. 

Figure  7  gives  the  value  of  p 
for  different  load  resistances.  The 
r,  selected  in  this  calculation  is  an 
average  value.  With  a  given  voltage 
swing,  there  will  be  a  maximum  de¬ 
viation  of  11  percent  between  any 
possible  r,  and  this  average  value. 

Example  1 

It  is  desired  to  design  a  multivi¬ 
brator,  using  a  6SN7  tube,  that 
will  have  a  peak-to-peak  output  of 
190  volts  and  will  operate  at  a  fre¬ 
quency  of  30  kc.  The  pulse  width 


required  for  triggering  purposes  is 
10  microseconds.  The  plate  supply 
is  250  volts. 

Then  £7*  =  250  volts,  /  =  30  kc, 
E,  =  190  volts  peak  to  peak,  and 


T,  =  10  microseconds. 

Step  1  (see  Fig.  2) :  When  E,  = 
190  volts  and  £7*  =  250  volts,  Rt.  = 
35  kilohms. 

Step  2  (see  Fig.  4)  :  When  Ri 


FIG.  4 — CuTTM  glTing  Talus  of  a  in  terms  of  load  resistance  and  plate  Toltage  for 

■STeral  types  of  tubes 
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R,  IN  KILJOHMS 


FReOUCNCY  IN  KILOCYCLES 


FIG.  5 — Tim*-fr*qiMiiC7  rclotlonahip 


FIG.  6 — Load  rotlstonco  currot 


.  FIG.  7 — Elloct  oi  load  iMistanco 


=  35  kilokms  and  =  250  volts, 
a  =  2.563. 

Step  3  (see  Fig.  5)  :  When  /  = 
30  kc,  T  =  34  microseconds.  Then 
T,  =  10  microseconds  and  t,  =  24 
microseconds. 

Step  4:  When  Rl  =  35  kilohms 
and  /?„  =z  =  0.1  megohm,  y  = 
0.93.  Then  =  0.  Using  scales  B 
of  Fig.  3:  When  ti  =  10  microsec¬ 
onds  T,  = .  24  microseconds,  and 
a  =  2.563,  Ct  =  10/2.563  =  3.9 
microseconds,  and  R^  C,  =  24/2.563 
=  9.35  microseconds. 

Step  5 :  When  R,r  =  0.1  megohm 
and  RfX'i  =  3,9  microseconds,  C, 
=  40  When  R^  —  0.1  megohm 
and  RftCt  =  9.35  microseconds, 
Ct  —  95  (ifif . 

Step  6  (see  Fig.  3,  scales  A) : 
When  Rl  =  35  kilohms  and  Ci  = 
40  fifif,  T,  =  7  microseconds. 

A  multivibrator  was  constructed 
according  to  the  above  calculations, 
with  resistor  and  capacitor  values 
accurate  to  within  1  percent.  Cal¬ 
culated  and  experimental  values  of 
the  semiperiod  were  identical,  and 
E,  differed  by  only  2  volts. 

It  is  desired  to  improve  the 
buildup  time  of  the  multivibrator 
output  in  Example  1  at  the  expense 
of  output  voltage.  The  conditions 
of  the  problem  remain  the  same, 
except  that  a  lower  value  of  R^  is 
selected. 

Example  2 

Let  Rl  =  10  kilohms.  Then,  by 
consulting  the  curves  in  the  same 
order  as  in  Example  1,  it  is  found 
that  E,  =  132  volts,  a  =  2.205, 
R^  =  Rf2  =  0.1  megohm,  y  =  0.93, 
Rgi  Cl  =  10/2.205  =  4.54  micro¬ 
seconds,  R^  Ct  =  24/2.205  =  10.88 
microseconds,  Ci  =  45.4  fijif,  C,  = 
108.8  tJ.(xf,  and  =  3.51  micro¬ 
seconds. 

The  multivibrator  was  again  con¬ 


structed,  using  resistor  and  capaci¬ 
tor  values  accurate  to  within  2  per¬ 
cent;  results  again  were  in  close 
agreement. 

Example  3 

It  is  desired  to  design  a  25-kilo¬ 
cycle  multivibrator  with  a  buildup 
time  of  2  microseconds  and  a  pulse 
width  of  15  microseconds. 

Step  1  (see  Fig.  3,  scales  A)  : 
When  C  =  31  jifif  and  Rl  =  S  kil¬ 
ohms,  Ta  =  2  microseconds. 

Step  2  (see  Fig.  2) :  When  Rl  = 

8  kilohms  and  E,  =  250  volts,  E, 
=  119  volts. 

Step  3  (see  Fig.  4) :  When  Rl  = 

8  kilohms  and  E,  =  250  volts,  a  = 

2.11. 

Step  4  (see  Fig.  5)  :  When  /  = 
25  kc,  T  =  40.1  microseconds.  Then 
Ti  =  15  microseconds  and  t,  =  25.1 
microseconds. 

Step  5  (see  Fig.  3,  scales  B) : 
When  R,i  Ci  =  15/2.11  =  7.11  mi¬ 
croseconds,  and  Cl  =  31  mif  R^i  = 
0.228  megohm.  When  Rgt  C,  = 
25.1/2.11  =  11.9  microseconds  and 
R^  =  0.1  megohm,  Ci  =  120  jxii/. 

Limitations 

The  results  of  tests  on  a  multi¬ 
vibrator  of  this  design,  using  re¬ 
sistors  and  capacitors  accurate  to 
within  2  percent,  are  interesting 
because  they  illustrate  one  of  the 
limitations  of  the  method.  The  cal¬ 
culated  value  of  T,  is  15  microsec¬ 
onds,  while  the  measured  value  of 
T,  is  13  microseconds.  The  discrep¬ 
ancy  is  caused  by  the  low  value  of 
coupling  capacitance  used  (31  [xpif). 
At  this  value,  the  stray  capacitance 
becomes  an  appreciable  fraction  of 
the  total.  For  extremely  accurate 
results,  it  would  be  necessary  to 
subtract  the  tube  and  wiring  capac¬ 
itance  from  the  calculated  value. 

Another  solution  to  the  problem 


would  be  to  use  a  smaller  value  of 
grid  resistance,  thus  permitting  a 
correspondingly  larger  coupling  ca¬ 
pacitance.  When  a  high  value  of 
coupling  capacitance  is  used,  as  in 
the  calculation  for  t„  the  experi¬ 
mental  results  are  very  close  to  the 
calculated  one. 

Another  somewhat  hidden  cause 
for  errors  in  predicting  the  semi¬ 
periods  of  a  multivibrator  is  the 
permanent  change  in  the  value  of  a 
resistor  with  temperature.  To  de¬ 
termine  the  order  of  this  change, 
each  lead  of  a  i-watt  resistor  of 
102,600  ohms  was  heated  with  a 
soldering  iron  for  a  half  minute. 
The  resistor  was  then  cooled  and 
the  measured  resistance  was  found 
to  bC  148,000  ohms,  a  change  of  45 
percent.  Each  lead  of  five  i-watt, 
0.1-megohm  resistors  was  then 
heated  for  fifteen  seconds.  The 
average  resistance  change,  after 
they  had  cooled  for  a  long  period  of 
time,  was  17  percent.  Thus,  the 
process  of  soldering  resistors  into 
a  circuit  may  change  the  value  of 
the  resistor  permanently  and,  con¬ 
sequently,  affect  the  semiperiod  of 
the  multivibrator. 

To  evaluate  the  cause  of  the  dis¬ 
crepancy  in  Example  3,  the  follow¬ 
ing  experiment  was  made :  The  31- 
[i.(iif  capacitor  was  replaced  by  a 
variable  mica  trimmer  capacitor, 
which  was  adjusted  until  the  semi¬ 
period  was  exactly  10  microseconds. 
The  capacitance  value  under  these 
conditions  was  27  iifif.  Thus,  a  4 
(L(if  error  caused  by  wiring  and  tube 
capacitance  is  responsible  for  the 
3-microsecond  error  in  the  pulse 
width. 

The  results  obtained  with  the 
new  value  of  capacitance  were:  t, 
=  10  microseconds,  t,  =  26  micro¬ 
seconds,  Ta  =  3  microseconds,  and 
E,  110  volts. 
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Co-ordinated  with  the  extensfv*  on^  •x^u«fiv« 
research  of  Centroiob,  CINCH  isgln#»rlng  m- 
perience  now  contributes  a  pff»ct»d  socket  for 
the  "printed  electronic  circuit.^  Tho  now  <ub* 
miniature  socket  takes  no  odditionol  S^oOO  ... 
holds  tubes  securely  In  ploco  with  high  Mhslon 
contacts  of  new  design  .  .  .  permits  iesy  moin* 
tenonce  and  replacement  of  tvb^»  (bw  lots 
bokelite  provides  maximum  insulotidit  mini* 
mum  high  frequency  bss.  Tube  is  inttiydf  from 
either  side,  the  width  of  the  tocket  dqewfe  dte 
length  of  leads  in  the  tube  itself. 

Samples  and  further  detoils  on  requett. 


.  .  .  insert  contact  tails  through 
holes  in  insulation  and  bend 
over  —  socket  is  mounted,  tube 
lies  horizontal  to  chassis,  solder- 
«  ing  tails  positioned  on  back 

A  of  chassis  for  wiring.  These 

^  newly  designed  "self  at¬ 

taching"  sockets  will  revo¬ 
lutionize  conventional  wir- 
^  ing  in  chassis  applications. 


Sub  Miniature  Socket  No.  54  A 
13124  (Reproduced  here  twice  size) 


AVAKABIE  AT  LEADING  ELECTRONIC  JOBBERS 


KINCH  MANUFACTURING  CORPORATION 

^  '  Subsidiary  of  United-Ca1rr  Fastener  Corporation,  Cambridge  42,  Mass. 


F-M  Service  Areas 


Chart  shows  approxk)iate  distance  to  1-mv/ m  and 
SO-^v/m  contours  for  effective  radiated  powers  between 
1  and  1,000  kw  and  transmitting  antenna  heights  from 
100  to  3,500  feet  above  average  terrain 

BY  JOHN  H.  BATTISON 

Allofiationa  Engineer 
American  Broadccuting  Co.,  Inc. 

New  York,  N. 
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The  accompanying  chart, 
based  on  FCC  data,  provides 
a  quick  means  of  determining 
the  approximate  service  areas  of 
a  transmitter  operating  on  any 
channel  between  88  and  108  me. 
Distance  to  the  1  mv-per-meter 
contour  (solid  lines)  is  shown  by 
the  upper  scale  and  distance  to 
the  60  microvolt-per-meter  con¬ 
tour  (dashed  lines)  by  the  lower 
scale,  for  various  effective  radi¬ 
ated  powers  and  transmitting  an¬ 
tenna  heights.  Receiving  an¬ 
tenna  height  is  assumed  to  be  30 
feet  above  average  terrain. 

Using  the  Chart 

To  determine  the  distance  to 
the  1  millivolt-per-meter  contour 
with  a  transmitting  antenna 
fleight  of  2,000  feet  and  20-kw  of 
effective  radiated  power,  enter 
the  chart  at  the  left  and,  at  the 
point  where  the  20-kw  horizontal 
line  intersects  the  solid  diagonal 
line  labelled  2,000',  read  on  up- 
i^.eiit;:Seale  ^7*milea»  To  determine 
t^*  50  n^icrovolt-per- 
l^el^r  xon^ut^ll^  the  same 
r^^dure  ^  but  ^Bfethe  dashed 
^ijgpnal^lwie' laljpNro  2,000'  and 
Hie  lower  scale. 

If  coverage  is  desired  at  a 
given  distance,  with  a  knoWn 
transmitting  antenna  height,  the 
effective  radiated  power  required 
may  be  read  to  the  left  of  the 
point  of  intersection  of  appro¬ 
priate  distance  and  height  lines. 
Similarly,  should  it  be  necessary 
to  deterihinife  the  transmitting 
antenna  height  required  to  pro¬ 
vide  a  certain  contour  with  a 
given  power  the  chart  may  be 
entered  from  the  left  and  the 
bottom,  and  the  height  read 
from  the  appropriate  solid  or 
dashed  line. 
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This  Terminal  W on’t  Pull  Off 
Ml - : - 1  or  Work  Loose 


in* 


\% 


. . .  IT’S  ONLY  ONE  FEATURE  OF  THIS  COMPACT 
LOW  VOLTAGE  MALLORY  SWITCH  I 

The  inset  at  the  top  of  this  picture  shows  how  the  terminals  of 

Mallory  3100  Switches  are  doubly  fastened  by  a  wrap-around  '//waVvA _ 

method  which  holds  them  tight  and  secure  against  damage  and  at  ~ 

the  same  time  provides  them  with  a  smoother  contact  surface.  < 

/  I 

What  the  picture  cannot  show  is  that  the  stator  is  made  of 

low-loss  XaX  Phenolic  especially  selected  for  good  insulation  ^  { 

properties  at  high  humidities  .  .  .  that  a  metal  web  spaced  between 

the  terminal  contacts  improves  non-shorting  construction  . . .  that 

terminals  and  stator  together  provide  an  excellent  solder  shield. 

'  vv<vT  / 

Small  size,  of  course,  is  another  distinguishing  feature  of  these  - 

3100  Switches,  of  which  millions  have  been  sold  to  manufacturers 
of  radios,  inter-communication  systems  and  test  equipment.  The 

larger  model,  shown  above,  is  1%"  in  diameter  and  has  18  position  - 

20®  indexing,  embracing  one  to  six  circuits.  The  smaller  model,  with 

12  position  30®  indexing,  embracing  one  to  four  circuits,  is  only  IH"  in  diameter. 


For  more  details,  send  for  Mallory  3100  SWITCH  Engineering  Data  Folder.  A  wide 
range  of  standard  stock  types  is  available  through  convenient  Mallory  Distributors. 


lYIALtUpf^  SWITCHES 
(ELECTRONIC,  INDUSTRIAL  and  APPLIANCE) 


3100  SPECIFICATION  SHEETS 

Printed  on  tracing  paper  to  per¬ 
mit  blueprinting,  these  sectional 
drawings  indicate  standard  and 
optional  dimensions — make  it 
easy  for  you  to  order  production 
samples  built  to  your  exact 
I  requirements. 


TUBES  AT  WORK 

Including  INDUSTRIAL  CONTROL 

Edited  by  VIN  ZELUFF 
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Video  signal  generator  sys'em  lor  slide  transparencies,  using  the  RCA  Flying  Spot  tube 


Flying-Spot  Video  Generator 


A  NEW  cathode-ray  tube  allows  tele¬ 
vision  stations  to  construct  a  video¬ 
signal  generator  which  permits 
transmission  of  station  call  letters 
and  test  patterns  from  inter¬ 
changeable  slide  transparencies  or 
opaque  surfaces. 

The  tube,  RCA5WP15,  furnishes 
a  small,  rapidly  moving  spot  of 
radiant  energy  (hence  the  name) 
for  scanning.  It  has  an  extremely 
short  persistence  phosphor  having 
a  large  component  of  its  energy 
emission  in  the  near-ultraviolet  re¬ 
gion.  The  persistence  of  the  ultra¬ 
violet  radiation  is  so  short  that  the 
amount  of  equalization  needed  in 
the  video  amplifier  to  minimize 
trailing  in  the  reproduced  picture 
is  small  and  can  be  supplied  by  a 
single  network.  As  a  result,  cir¬ 
cuits  and  adjustments  are  rela¬ 
tively  simple. 


A  video-signal  generator  using 
the  tube  would  consist  essentially 
of  the  Flying-Spot  tube  with  asso¬ 
ciated  power  supplies,  deflection 
yoke,  and  scanning  circuits;  a  lens 
to  project  the  raster  on  the  subject 
to  be  scanned;  the  subject,  a  slide 
transparency,  motion  picture  film, 
or  opaque  object;  a  multiplier 
phototube  with  associated  power 
supply  to  intercept  the  radiation 
transmitted  or  reflected  by  the  sub¬ 
ject,  and  convert  it  into  video  sig¬ 
nals;  and  a  video  amplifier. 

The  tube  makes  possible  unusual 
video  effects,  such  as  double  images 
— one  produced  by  a  slide,  the  other 
by  modulating  the  beam  of  the 
tube.  A  block  diagram  of  a  video¬ 
signal  generator  arranged  for  use 
with  a  slide  transparency  is  shown. 
For  best  results,  the  objective  lens 
should  be  a  high-quality  enlarger 


type  designed  for  low  magnification 
and  preferably  corrected  for  use 
with  ultraviolet  radiation. 

Suitable  filters  for  absorbing  the 
visible  and  passing  the  ultraviolet 
radiation  of  the  screen  are  avail¬ 
able.  The  choice  of  filter  is  affected 
by  a  compromise  between  the  per¬ 
missible  loss  of  signal  output 
through  absorption  by  the  filter 
and  the  amount  of  trailing  which 
can  be  tolerated,  or  the  extent  of 
equalization  needed. 

Trailing  results  from  the  lag  in 
buildup  and  decay  of  output  from 
the  screen.  As  the  flying  spot 
moves  across  a  boundary  from  a 
light  to  a  dark  area  of  the  subject 
being  scanned,  the  persistence  of 
energy  output  from  the  screen  re¬ 
sults  in  continued  input  to  the 
phototube  from  the  light  area  dur¬ 
ing  the  time  the  dark  area  is  being 
scanned.  Thus,  the  light  area  trails 
into  the  dark  area  in  the  repro¬ 
duced  picture. 

Similarly,  as  the  flying  spot 
moves  from  a  dark  area  to  a  light 
area,  the  lag  in  buildup  of  the 
screen  output  causes  the  dark  area 
to  trail  over  into  the  light  area.  As 
a  result  of  these  effects,  the  repro¬ 
duced  picture  has  an  appearance 
similar  to  that  produced  by  a  signal 
deficient  in  high  frequencies.  It  is, 
therefore,  necessary  to  enhance  the 
high-frequency  response  of  the 
video  amplifier  by  introducing 
equalizing  networks  with  suitable 
time  constants.  Sufficient  equaliza¬ 
tion  should  be  provided  to  give  the 
desired  square-wave  response. 

The  decay  characteristics  of  most 
standard  phosphors  are  such  as  to 
require  considerable  equalization 
provided  by  networks  with  differ¬ 
ent  time  constants  in  several  stages 
of  the  video  amplifier.  Their  rela¬ 
tively  long  decay  generally  results 
in  appreciable  reduction  of  the  use¬ 
ful  signal-to-noise  ratio. 

The  persistence  of  the  P15  pho.s- 
phor  is  comparatively  so  short  that 
less  equalization  is  needed.  If  used 
without  an  ultraviolet  filter,  less 
equalization  is  required  than  for 
other  standard  phosphors  but  a 
complex  network  is  nevertheless 
needed  because  the  decay  char¬ 
acteristic  is  not  a  simple  exponen¬ 
tial  curve  but  a  curve  of  a  complex 
function.  When  used  with  a  filter 
to  pass  only  the  ultraviolet  radia- 
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THE  IMC  ENGINEER  IS 

On  Your  Staff- 

u 

BUT  NOT  ON  YOUR  PAYROLL 


Call  him  when 


need  Insulation  assistance 


A  quick  summons  brings  the  IMC  Engineer  to  your  side  to  give 
expert  consideration  and  advice  on  all  of  your  most  intricate  and 
stubborn  electrical  insulation  problems.  He  will  serve  you  well  .  .  . 

1.  Assist  in  selection  of  best  insulating  materials  for  the  specific 
job.  (Note  well-known,  nationally  recognized  products  from 
which  to  make  selections.) 

2.  Give  instructions  as  to  propter  application. 

3.  Suggest  ways  to  eliminate  waste. 

4.  Speed  up  and  increase  your  production. 

He  will  welcome  your  call  .  .  .  any  time.  Phone  or  write  to  us  or 
nearest  branch  office. 

IMC  aitODUCTSi  Macallan  Mica  Product! —Vortex  Vorniched  Cloth  and 
Tapes —Varclet  Combination  Slot  Insulation  — Fiberglas  Electrical  Insu¬ 
lation— Manning  Insulation  Papers  and  Pressboards— H.  A  V.  Insulating 
Papers— Dow  Coming  Silicones- Dleflex  Varnished  Tubings  and  Satu¬ 
rated  Sleevings- Notional  Hard  Rbreond  Fishpoper~  Pheonolite  Bolce- 
lite- Permocel  Adhesive  Tapes— Asbestos  Woven  Topes  and  Sleevings 
—  Inmonco  CottenTopes,  Webbings,  and  Sleevings— Pedigree  Insulating 
Varnishes- Wedgie  Brand  Wood  Wedges. 
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MULTIPLE  BABY  mTTING 


tion,  the  P15  effectively  has  a  per¬ 
sistence  so  extremely  short  that 
the  small  amount  of  equalization 
needed  can  be  supplied  by  only  one 
network.  As  a  result,  circuits  and 
adjustments  are  simplified  and  sub¬ 
stantially  the  same  signal-to-noise 
ratio  is  obtained,  in  spite  of  filter 
absorption,  as  will  the  arrangement 
using  the  total  radiation  from  the 
phosphor. 

Resolution  of  better  than  700 
lines  at  the  center  of  the  repro¬ 
duced  picture  can  be  produced  by 
the  5WP15.  To  obtain  such  resolu¬ 
tion  in  the  horizontal  direction,  it 
is  necessary  to  use  a  video  ampli¬ 
fier  having  a  band-width  of  about 
10  megacycles. 

Soft  x-rays  are  produced  when 
the  5WP15  is  operated  with  an 
anode  No.  2  voltage  above  ap¬ 
proximately  20,000  volts.  These 
rays  can  constitute  a  health  hazard 
unless  the  tube  is  adequately 
shielded.  Relatively  simple  shield¬ 
ing  should  prove  adequate. 


Versatile  Power  Supply 

By  William  B.  Miller 

Standards  Engineer 
linrdicell  rf  McAlister  Inc. 
Burbank,  California 


wanted  oscillations.  Resistors 
and  Ri  supply  the  screen  voltage 
and  also  the  keep-alive  voltage  for 
the  VR150,  the  current  through  the 
latter  being  about  *15  ma  with  no 
load  on  the  supply.  The  divider  net¬ 
work  across  the  output  supplies  the 
control  grid  voltage  for  the  6SJ7 
and  also  feeds  the  grid  any  fluctua- 

(continued  on  p  140) 


Both  direct  and  alternating  volt¬ 
ages  for  meter  testing  are  provided 
by  the  circuit  shown.  The  a-c  out¬ 
put  is  continuously  variable  from 
0  to  1,200  volts  and  the  maximum 
d-c  output  is  fixed  and  regulated  at 
500  volts.  Lower  d-c  voltages  are 
obtained  by  means  of  a  variable 
voltage  divider  w'hich  allows  smooth 
control  down  to  zero  volt. 

Low  ripple  was  not  a  factor  in 
the  design  and  only  ordinary  filter¬ 
ing  was  used.  However,  the  action 
of  the  regulator  section  and  a  small 
amount  of  feedback  resulted  in  a 
measured  ripple  of  0.4  millivolt. 
Regulation  was  important  and  is 
quite  good.  After  the  output  was 
set  at  500  volts,  it  held  with  no  per¬ 
ceptible  change,  with  a  line  varia¬ 
tion  from  90  to  125  volts  and  a 
load  variation  of  from  0  to  200 
milliamperes. 

Four  6L6G’s,  triode  connected, 
are  used  in  parallel  as  the  series 
regulators,  and  a  6SJ7  as  the  ampli¬ 
fier.  Resistors  in  each  plate  lead  of 
the  6L6’s  equalize  the  current  dis¬ 
tribution,  and  resistors  in  each  grid 
lead  help  stabilize  and  limit  the 
grid  current.  A  total  of  200  ma  may 


be  safely  drawn  from  this  combina¬ 
tion. 

The  6SJ7  control  amplifier  was 
considered  as  an  r-f  tube  and  care 
in  wire  placement  was  used  to  elim¬ 
inate  erratic  operation  and  un- 


VARIABLE 
1.  *1.0-4 


600V 


600V 


5R46Y 


PILOT 

LftMP 


6L6G 


500000. 


500V  REG 


VAR  ABLE 
0-C 


VRI50 


:  50,000 
;I0P00 


Up  to  1,200  volts  a-c  and  500  volts  d-c  are  available  from  the  power  supply 
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GERMANIUM 

VARISTORS 

(CRYSTAL  RECTIFIERS) 

by  _ 


Western  Electric  announces  a  new  line 
of  Germanium  Crystals!  There  are  five 
types  — all  exceptionally  compact  and 
sturdy  ...  all  identical  in  mechanical 
dimensions  .  .  .  and  all  supplied  with 
pigtails  for  soldering  into  circuits.  Elec¬ 
trical  characteristics  have  been  stand¬ 
ardized  to  meet  the  requirements  of 
currently  known  applications. 


Western  Electric  -QUALITY  COUNTS  - 

- FOR  THESE  (and  many  other)  APPLICATIONS - 


RECTIFIERS 


1 - FRTER 

RtniTjl^ 

J  1  1 

nr? 

HALF  WAVE 


SECOND  DETECTORS 


C  *  S  DCTJCTEO  OUTPUT 


mnrr  voltase 


VOLTAOE  ACROSS  RESISTANCE  R 


May  be  used  as  power  rectifiers 
at  peak  inverse  voltages  up  to 
115,  and  peak  forward  currents 
up  to  125  ma.  By  connecting 
matched  units  in  series  or  par¬ 
allel,  these  values  may  be  in¬ 
creased. 


Used  to  good  advantage  as  sec¬ 
ond  detectors  at  frequencies  to 
over  60  me.  They  have  much 
lower  impedance  than  vacuum 
tube  diodes,  and  are  particu¬ 
larly  effeaive  in  low-imped¬ 
ance  circuits.  The  1N47  is 
tested  for  operation  at  100  me. 


SLICERS,  LIMITERS  AND  CLIPPEPS 


TIAHE  - ► 

WITHOUT  SUCER 


In  the  slicer  circuit,  biased 
units  conduct  current  through 
R  when  critical  voltages  Ei  and 
E.-  are  reached,  preventing 
overswing.  In  limiters  and 
clippers  only  one  branch  need 
be  used,  with  addition  of  low- 
impedance  d-c  return  path 
across  output  terminals  or 
through  signal  generator. 


PULSE  GENERATORS 


POSITIVE 
TRIGGERING 
PULSE  WITH 
STEEP  WAVE 
FRONT 


WITH  RECTIFIER 
WITHOUT  RECTIFIER 


Unit  damps  out  the  oscillation 
after  one-half  cycle,  producing 
a  single  pulse  shaped  similarly 
to  half  of  a  sine  wave.  This 
pulse  may  be  clipped,  pro¬ 
vided  clipper  is  isolated  from 
pulse-producing  tuned  circuit 
to  prevent  damping  out  de¬ 
sired  half  cycle. 


D-C  RESTORERS 


WITHOUT  D  C  RESTORER 


WITH  0-C  RESTORER 


Circuit  shows  d-c  restorer  ap¬ 
plied  to  a  network  widely  used 
for  coupling  successive  ampli¬ 
fier  stages.  The  germanium 
crystal  prevents  output  volt 
age  from  swinging  below  E< 
thus  negative  peak  of  wave  is 
established  at  Ec. 


BiSTRlIUTORSi  IN  THE  u.  s.  A.-Craybar  Electric 
Company,  in  Canada  and  Newfoundland - 
Northern  Electric  Company,  Ltd. 


For  complete  specifications  and  application  data 
'  sheets  on  Western  Electric  Germanium  Crys¬ 
tals,  call  your  local  Graybar  Broadcast  Repre¬ 
sentative,  or  write  Graybar  Electric  Company, 
420  Lexington  Avenue,  New  York  17,  N.  Y. 
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Motion  Picture  Television  Projected  from  Film 


Experimental  television  pictures 
of  boxing  contests  were  projected 
onto  the  18  by  24  foot  screen  of  the 
New  York  City  Paramount  theater 
as  the  event  took  place.  The  tech¬ 
nique  will  be  used  to  provide  prac¬ 


tically  simultaneous  showings  in 
theaters  of  local  news  events.  When 
network  facilities  become  available 
it  may  be  extended  to  an  intercity 
basis,  independently  of  television 
broadcasting  networks.  The  film 


from  which  the  picture  is  projected 
can  be  stored,  edited,  and  reused. 

The  experimental  equipment  with 
which  the  system  was  demonstrated 
in  April  consisted  of  a  DuMont  im¬ 
age  orthicon  pickup  camera,  two 
pairs  of  7  kmc  microwave  RCA  re¬ 
lays  (to  transmit  the  signal  from 
the  Brooklyn  Navy  Y.M.C.A.  to  the 
Manhatten  Paramount  building  via 
the  N.  Y.  Daily  News  building), 
and  terminal  equipment  developed 
by  Paramount  engineers.  The  ter¬ 
minal  equipment  reproduces  the 
television  picture  at  30  frames  a 
second  and  electronically  blanks  it 
to  permit  recording  on  film  at  24 
frames  a  second.  The  film  is  com¬ 
pletely  processed  (developed,  fixed, 
washed,  and  dried — no  trouble  be¬ 
ing  encountered  from  grain  or  soft 
geliten),  and  feed  directly  into  the 
projector.  The  process  can  be  op¬ 
erated  so  fast  that  a  frame  is  pro¬ 
jected  30  seconds  after  it  is  ex¬ 
posed.  However,  at  such  a  rate, 
sludge  tends  to  collect  on  the  film; 
a  66  second  processing  interval  has 
been  found  most  satisfactory. 

Because  of  the  extreme  sensitiv¬ 
ity  of  the  image  orthicon  (greater 
than  that  of  film),  this  technique, 
in  addition  to  offering  quicker  pro¬ 
jection,  is  superior  to  that  of  using 
a  motion  picture  camera  to  obtain 
news  reels  under  adverse  lighting 
conditions.  Not  only  was  the  show¬ 
ing  experimental  in  that  the  termi¬ 
nal  equipment  had  only  been  com¬ 
pleted  10  days  before  the  showing 
(it  was  the  first  time  the  engineers 
had  seen  the  picture  projected  onto 
the  screen  of  the  main  theater),  it 
was  also  experimental  in  that  the 
audience  was  not  apprised  of  the 
showing  until  it  took  place;  they 
applauded  at  the  conclusion  of  the 
15  minute  showing.  The  picture 
was  as  sharp  as  direct  film  news 
shots  and  had  a  remarkably  long 
tonal  range. 


Crystal  Diodes  in  Computers 

Large  scale  digital  computers  us¬ 
ing  many  electronic  tubes  dissipate 
a  great  deal  of  heat.  To  reduce  the 
amount  of  heat  that  must  be  re¬ 
moved  by  the  air  conditioner  for 
the  computer,  and  to  reduce  the 
operating  power  and  mechanical 
size  of  the  computer,  germanium 


TeleTision  picture  is  recorded  on  35  mm  iilm,  which  is  then  completely  processed  in  66 
seconds,  by  the  equipment  that  Paramount's  vice-president  Paul  Raiborn  is  inspecting 


Section  oi  experimental  iilm  (not  the  one  shown  publicly)  shows  clarity  oi  picture;  note 
variable  density  sound  track  also  recorded  onto  iilm  irom  audio  relayed  over  some  uhi 
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FM  SIGNAL  GENERATOR 


Type  202-tt  .■i4-2IU  mt 

Additional  coverage  from  0.4 — 25  me. 
with  accessory  UNIV'ERTER  Type  203-B 


u 

/  , 

rJ  ^  X 


Shown  above  it  on  interior  view  of  the  202-B  Signal  Generator  RF 
assembly  with  shield  cover  removed.  Heavy  aluminum  castings  form 
the  mounting  base  of  this  RF  unit  resulting  in  a  compact  and  highly 
rigid  structure.  Girder  type  condenser  frame  construction,  multiple 
rotor  shaft  grounding  contacts,  and  welded  interstage  shield  plates 
are  but  a  few  of  the  many  design  features  of  this  unit  which  give 
added  circuit  stability. 


Designed  to  meet  the  exacting  requirements  set  forth  by  leading  FM  and  television 
engineers  throughout  the  country,  the  202-B  FM  Signal  Generator  has  found  vyidespread 
acceptance  as  the  essential  laboratory  instrument  for  receiver  development  and 
research  work. 


Froquoncy  covorago  from  54  to  216  mogacyclos 
is  provided  in  two  rangos,  54  to  108  mogacyclos 
and  108  to  216  mogacyclos.  A  front  panol  modu¬ 
lation  motor  having  two  doviation  scalos,  0-80 
kilocyclos  and  0-240  kilocyclos,  pormits  accurato 
modulation  sottings  to  bo  mado. 

Although  fundomontally  an  FM  instrumont,  am- 
plitudo  modulation  from  soro  to  50%,  with  motor 
calibrations  at  30%  and  50%,  has  boon  incor- 
poratod.  This  AM  foaturo  offors  incroasod  vorsa- 
tility  and  providos  a  moans  by  which  simultanoous 
froquoncy  and  amplitudo  modulation  may  bo 
obtainod  through  tho  uso  of  an  oxtornal  audio 
oscillator. 

Tho  intornal  AF  oscillator  has  oight  modulation 
froquoncios  ranging  from  50  cyclos  to  1 5  kilocyclos, 
any  ono  of  which  may  bo  convoniontly  soloctod  by 


a  rotary  typo  switch  for  oithor  amplitudo  or  fro¬ 
quoncy  modulation. 

Tho  calibratod  piston  typo  attonuator  has  a 
voltago  rango  of  from  0.1  microvolt  to  0.2  volt  and 
is  standardizod  by  moans  of  a  front  panol  output 
monitor  motor. 

Tho  output  impodanco  of  tho  instrumont,  at  tho 
torminals  of  tho  R.F.  output  cablo,  is  26.5  ohms. 


AVAILABLE  AS  AN  ACCESSORY 


is  tho  203-B  Univortor,  a  unity  gain  froquoncy  con- 
vortor  which,  in  combination  with  tho  202-B  instru¬ 
mont,  providos  tho  additional  covorago  of  commonly 
usod  intormodiato  and  radio  froquoncios. 


R.F.  Rango:  0.4  me.  to  25  me. 

R.F.  Incromont  Dial:  =^250  kc.  in  10  kc. 
incromonts. 


ftON  RADIO  £ 


R.F.  Output:  0.1  microvolt  to  0.1  volt.  Also 
opproximatoly  2  volts  maximum  (un- 
calibratod). 

For  further  information  writ*  for  Catalog  £ 


Type  203-B 


OOlGNeiB  AND  MANUFACTIflKRS  OF  THE  "O':  METER  .  .  .  OX-CHfCKER  .  .  .  FREQUENCY  MOOUlATiO  SIONM. 
GENERATOR  V  .  .  BEAT  FREQUENCY  GENERATOR  .  .  .  AND  OTHER  DIRECT  READING  TEST  INSTRUMWIS 


crystal  diodes  can  be  used  in  the 
switching  circuits.  When  the  po¬ 
tential  across  a  diode  is  negative*  it 
presents  a  high  impedance;  when 
the  voltage  is  positive,  it  presents 
a  low  impedance.  Thus  the  diode 
constitutes  a  convenient  voltage 
sensitive  switch.  Because  it  con¬ 
sumes  power  from  the  control  or 
switching  channel,  that  channel 
should  have  low  internal  impedance. 
Computers  using  such  switching 
networks,  like  that  illustrated  here, 
have  large  capacity  but  are  rela¬ 
tively  compact. 


Time  Expatieion  of  Periodic  Waves 

By  LI-Yen  CHen^ 

Tranamission  Engineer 
Ministry  of  Communication,  China 


High  speed  computer  dereloped  at  the 
Servomechanisms  Laboratory  of  M.I.T.  uses 
germanium  diodes,  performs  arithmetical 
operations  using  five-place  binary  num¬ 
bers,  and  indicates  solution  by  neon  lamps 


Many  methods  have  been  proposed 
for  reducing  bandwidth  required 
to  transmit  a  certain  message.  Pre¬ 
liminary  tests  conducted  at  Poly¬ 
technic  Institute  of  Brooklyn  with 
a  wave-expanding  system  show 
that  periodic  waves  can  be  trans¬ 
mitted  over  less  bandwidth  than  is 
normally  required. 

Signal  Sampling  and  Expanding 

A  periodic  wave  consists  of  sev¬ 
eral  identical  cycles  of  a  particular 
waveshape.  To  transmit  this  wave 
all  that  is  needed  is  to  transmit  the 
characteristics  of  one  cycle  and 
knowledge  of  the  rate  at  which  the 
cycle  repeats  itself  (waveform  and 
frequency).  Waveform  can  be 
transmitted  by  gating  out  a  single 
cycle  and  elongating  it  in  the  time 
scale.  The  bandwidth  required  to 
transmit  the  elongated  wave  is  re¬ 
duced  in  proportion  to  the  elonga¬ 
tion.  Furthermore,  if  the  elongation 
has  a  predetermined  fixed  rela¬ 
tion  to  the  original  wave,  the  sys¬ 
tem  design  incorporates  knowledge 
of  the  number  of  cycles  to  be  re¬ 


produced  at  the  receiver  for  each 
transmitted  cycle,  and  hence  no 
additional  bandwith  need  be  used 
to  convey  this  information. 

An  experimental  technique  for 
expanding  a  w’ave  has  been  devel¬ 
oped  and  tested."  Using  a  1,000-cps 
frequency,  the  wavelength  was 
doubled  (frequency  halved)  and  the 
signal  transmitted  as  a  500-cps  fre¬ 
quency.  The  wave  reconstructed  at 
the  receiver  of  the  original  1,000- 
cps  frequency  had  practically  the 
waveform  of  the  initial  signal. 
Whereas  a  technique  such  as  re¬ 
cording  the  signal  at  a  fast  rate 
and  playing  it  into  the  transmitter 
at  slow  speed  produces  a  similar 
increase  in  the  time  scale,  this  sam¬ 
pling  and  expanding  method  pro¬ 
duces  the  increased  time  scale  with¬ 
out  changing  the  elap.sed  duration 
for  transmitting  the  complete  sig¬ 
nal.  j 

Pulse  Methods  Perform  Expansion, 

Figure  1  shows  the' general  prin¬ 
ciple  of  the  expander.  Information 

(continued  on  p  170) 


Experiments  leading  toward  phys¬ 
ical,  biological,  medical,  and  indus¬ 
trial  applications  of  electronics  are 
being  conducted  at  new  and  ex¬ 
tensive  laboratories  in  Stafford¬ 
shire,  England.  Included  in  the 


equipment  of  the  English  Electric 
Company’s  Nelson  Laboratories  are 
a  three  million  volt  generator  for 
testing  transformers,  a  thirty  mil¬ 
lion  electron  volt  synchrotron  that 
is  being  developed  for  the  govern¬ 


ment’s  laboratory  at  Harwell,  and 
a  140  million  volt  machine  that  is 
planned  for  cancer  research.  Elec¬ 
tronic  laboratories  are  developing 
television  receivers,  industrial  con¬ 
trols  and  .scientific  instruments. 
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Research  Stimulates  Electronic  Applications  in  Science  and  Industry 


Cathode-ray  oscillograph  equipment  is  used  to  study  transients 
in  the  high-voltage  and  insulation  research  laboratory 


Scientists  working  on  vacuum  tubes  such  as  x-ray  generators  for 
therapy;  an  assembled  synchrotron  doughnut  is  in  foreground 


t 


Lead-In  Lines  Play  an  Important 
Part  in  Television  Reception 


The  effects  of  attenuation  and  impedance  mismatch 
on  FM  and  Television  reception  are  minimized  by 
Anaconda  Type  ATV*  lead-in  lines. 

The  satin-smooth  polyethylene  insulation  of  Type 
ATV  line  sheds  water  readily,  thus  avoiding  subse¬ 
quent  impedance  discontinuities.  This  material  also 
has  exceptionally  high  resistance  to  corrosion.  Count 
on  Anaconda  to  solve  your  high-frequency  transmis¬ 
sion  problems— with  anything  from  a  new-type  lead-in 
line  to  the  latest  development  in  coaxial  cables  .  t'tsa 

*A»  Anaconda  Trade-Mark 


Anaconda  offers  a  complete  selection  of  Type  ATV 
lead-in  lines  for  75,  125,  150  and  300  ohms  imped¬ 
ance  unshielded  and  150  ohms  shielded.  For  an 
elearical  and  physical  charaaeristics  bulletin,  write 
to  Anaconda  Wire  and  Cable  Company,  25  Broad¬ 
way,  New  York  4,  N.  Y. 
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NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  equipment,  components,  tubes,  testing  appa¬ 
ratus  and  products  closely  allied  to  the  electronics 
field.  A  review  of  catalogs,  handbooks,  technical 
bulletins  and  other  manufacturers^  literature 


mounted  singly,  in  pairs,  or  in 
clusters  of  four  around  a  post  to 
obtain  wide-angle  distribution  of 
sound. 


Frequency  Standard 

American  Time  Products,  Inc., 
580  Fifth  Ave.,  New  York  19,  N.  Y. 
Type  2121A  frequency  standard  is 
designed  to  provide  an  accuracy  of 
one  part  in  100,000.  Power  output 
is  up  to  110  volts,  10  watts,  at  60 
cycles;  power  input  is  110  volts,  45 


bias  and  erase  oscillator,  playback 
amplifier,  monitor  amplifier  and 
speaker.  Bias  frequency  range  is 
adjustable  from  30  to  80  kc  with  a 
total  recording  and  playback  dis- 
toi'tion  under  3  percent  at  400 
cycles. 


Barretter  Mounts 

Sperry  Gyroscope  Co.,  Great  Neck, 
N.  Y.  These  instruments  are  type- 
N  holders  for  sensitive  barretter 
elements  used  with  suitable  watt¬ 
meter  bridges  to  measure  absolute 


Sideband  Selector 

James  Millen  Mfg.  Co.,  Inc.,  Mal¬ 
den,  Mass.  Type  92105  single  side¬ 
band  selector  employs  the  Mc¬ 
Laughlin  circuit  which  has  two 
crystals  and  four  tubes.  The  unit 
provides  advantages  of  single  side- 


watts,  at  50  to  403  cycles.  Net 
weight  of  the  unit  with  cabinet  is 
25  lb. 


Wall  Speaker  Cabinet 

Jensen  Mfg.  Co.,  Chicago  38,  Ill. 
Two  new  wall  mounting  enclosures, 
model  H-81  for  8-inch  speakers  and 
model  J-61  for  6-inch  speakers, 
have  been  announced.  Pictured  here 
is  the  model  H-81,  a  bass  reflex 
sector  cabinet  which  may  be 


microwave  power  within  +5  per- 
cent  accuracy.  Maximum  average 
c-w'  power  that  can  be  measured  di- 
rectly  is  limited  to  10  milliwatts. 

This  range  can  be  extended  to  100 
watts  or  higher  by  using  a  suitable 

directional  coupler  or  attenuator,  band  reception  on  all  signals  rather 
Four  models  are  available.  than  only  to  those  with  suppressed 

carrier.  The  unit  is  readily  con¬ 
nected  to  any  standard  common ica- 

Magiietic  Tape  Reeorder  tions  receivei. 

Amplifier  Corp.  of  America,  Mag- 
nephone  Division,  398-7  Broadway, 

New  York  13,  N.  Y.  Model  SP850 
high-fidelity  magnetic  tape  re¬ 
corder  is  a  self-contained  unit  con¬ 
sisting  of  tape-pulling  mechanism, 
recording  amplifier  with  ultrasonic 


Vaeuiini  Capacitor»i 

DOLINKO  &  WiLKENS,  INC.,  101 
Hazel  St.,  Paterson  3,  N.  J.,  has  a 
new  line  of  high-current  vacuum 
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models,  the  new  type  features  im¬ 
proved  control  circuits,  extended 
frequency  range,  a  continuous  sup¬ 
pression  control  and  more  flexible 
remote  control  facilities. 


Strip  Selenium  Rectifier 

Standard  Arcturus  Corp.,  54 
Clark  St.,  Newark  4,  N.  J.  The 
Kotron  strip  selenium  rectifiers 


capacitors  rated  at  32,000  volts.  The 
units  are  available  in  capacitances 
of  6,  12,  25,  50,  75,  100  and  250 
micromicrofarads. 


and  is  completely  housed  in  one 
cabinet  with  handset  attached.  The 
receiver  delivers  2.5  watts  of  power 
to  the  speaker,  operation  being 
from  a  6-volt  batterj^  with  a  cur¬ 
rent  consumption  of  7.5  amperes. 
Power  output  of  the  transmitter  is 
5  watts  of  r-f  carrier. 


Ultrasonic  Weld  Tester 

Sperry  Products,  Inc.,  1505  Wil¬ 
low  Ave.,  Hoboken,  N.  J.  The  new 
angle-beam  transmitter  illustrated 


Plug-In  Relay 

C.  P.  Clare  &  Co.,  4719  West 
Sunnyside  Ave.,  Chicago  30,  Ill. 
Type  J  small  d-c  relay  is  now  avail- 


were  designed  to  replace  therm¬ 
ionic  rectifiers  •  in  many  circuits. 
Available  in  75,  100  and  200-ma 
units  they  mount  easily  and  con¬ 
serve  chassis  space.  The  units  can 
be  used  in  combinations  as  full- 
wave  rectifiers  or  voltage  doublers. 


Flying  Spot  C-R 

Radio  Corp.  of  America,  Harrison, 
N.  J.  The  new  flying-spot  cathode- 
ray  tube,  tube  type  5WP15  will  find 
use  in  television  studios  for  show- 


is  used  with  the  Supersonic  Reflect- 
oscope  to  inspect  welds.  The  weld 
itself  will  not  constitute  a  reflecting 
interface,  but  any  voids  or  inclu¬ 
sions  will  reflect  a  part  of  the  en¬ 
ergy. 


able  in  plug-in  type.  Overall  length 
of  relay  and  octal-base  plug  is  3S 
inches.  Independent  twin  contacts 
and  high  current  carrying  capacity 
are  featured. 


Noise  Suppressor 

Herman  Hosmer  Scott,  Inc.,  385 
Putnam  Ave.,  Cambridge,  Mass. 
Type  910-C  is  the  new  and  improved 
noise  suppressor  which  functions 
on  the  exclusive  dynamic-bandpass 
principle.  Compared  to  previous 


Test  Iiisiruiiieiil 


McMurdo  Silver  Co.,  Inc.,  1249 
Main  St.,  Hartford  3,  Conn.  The 
^  model  905A  Sparx  is  a  supersensi¬ 

tive  aural  dynamic  signal  tr.acer 
ing  slides  or  opaque  objects.  It  will  with  an  18-watt  universal  output 
not  only  produce  a  repetitive  picture 


Marine  Radiotelephone 

General  Electric  Co.,  Syracuse, 
N.  Y.  Type  MS-l-A  marine  radio¬ 
telephone  offers  four-channel  oper¬ 
ation  in  the  marine  2  to  3-mc  band, 


(continued  on  p  194) 
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RAYTHEON 
SUBMINIATURE  TUBES 


TRANSLATE  QUALITY,  DEPENDABILITY 
AND  CONVENIENCE  INTO  THE  PRODUCT 


'A 


IBM  WIRELESS  TRANSLATING  SYSTEM, 
EMBODYING  FILENE-FINLAY  PATENTS, 
EMPLOYS  RAYTHEON  TUBES 

Here’s  How  It’s  Done  —  The  words  of  the  speaker  (A)  are 
transmitted  to  interpreters  (B)  who  are  working  at  microphones. 
As  each  interpreter  hears  the  speech  he  immediately  makes  the 
translation  in  his  particular  language.  All  the  translations  are 
conveyed  to  the  listeners  (C)  who  select,  by  dial,  the  language 
they  wish  to  hear. 


This  is  the  lightweight  receiving  set,  with  aerial  in  the 
shoulder  strap  for  complete  freedom  of  movement 
while  listening.  It  contains  three  RAYTHEON  Submin¬ 
iatures,  two  2E42s  and  one  2E36.  Two  stages  of  radio 
amplification  are  provided,  diode  detector  with  auto¬ 
matic  volume  control,  and  a  pentode  output  section 
connected  to  the  headphones.  The  set  measures  x 
4'  ^  X  inches  and  weighs  only  pounds.  There  is 
excellent  speech  tone  with  ample  volume,  sensitivity 
and  selectivity  between  the  channels  that  deliver  any 
one  up  to  seven  languages. 


Why  International  Business  Machines  Corporation  and  other 
manufacturers  of  high  grade  electronic  equipment  use  RAYTHEON 
Subminiature  Tubes. 


1.  Reduced  Product  Sice ...  Increased  Product  Sola* 
bility.  Raytheon  filamentary  Subminiatures  are  flat. 
Batteries  can  be  tiny  because  of  extremely  low  filament 
drain. 

2.  Plug  Into  Standard  Sockets.  All  Raytheon  Subminiatures 
can  either  be  soldered  in  or  plugged  into  readily  available 
sockets. 

3.  Raytheon  Reliability —the  result  of  unique  methods  and 
nine  years  continuous  production  of  long-life  Subminiature 
Tubes. 

4.  Readily  Available  From. Stock —over  half  a  million  on 
tap  at  all  times.  Over  30  types.  Standard  throughout  the 
world. 

5.  At  Your  Local  Distributor’s  —  over  three  hundred 
^Raytheon  Special  Purpose  Tube  Distributors  reody  to  serve 

you  quickly  and  intelligently. 


Write  for  Data  Sheets  on  Raytheon  Subminiature  Tubes 
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The  Voice  of  America  gives  to  other  nations  a  full  news,  one-half  to  additional  comment  and  informa- 

and  fair  picture  of  American  life,  aims  and  policies,  tional  programs,  and  the  remainder  to  music  and 

plus  factual  news  of  the  world  and  the  United  States.  entertainment. 

Broadcast  in  twenty-three  languages,  these  pro-  A  substantial  part  of  these  daily  programs  is  re- 

grams  blanket  Europe,  Latin  America  and  the  Far  corded  and,  due  to  the  excellent  quality  of  these 

East,  with  a  potential  radio  audience  of  more  than  transcriptions,  such  recorded  portions  cannot  be 
150,000,000  persons.  distinguished  from  the  live  transmissions. 

Of  the  thirty-two  hours  of  daily  broadcast,  ap-  Today,  as  from  the  beginning,  the  recorded  parts 

proximately  one-fourth  of  the  time  is  devoted  to  of  these  broadcasts  are  on  AUDIO  DISCS. 

AUDIO  DEVICES,  INC  ■  f  444  Madison  Avonuo,  Now  York  22,  N.Y. 

Export  Department:  Rocke  International  Corp.,  13  E.  40th  Street,  New  York  16,  N.  Y.  , 
Audiodiscs  are  manufactured  in  the  VS, A.  under  exclusive  license  from  PYRAL,  S.A.R.L,,  Paris 
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engineering  practice  regarding  the 
operation  of  all  classes  of  broad¬ 
cast  stations  and  of  the  equipment 
permitted  or  required. 

(9)  Advanced  Broadcast  Theory 
and  Practice.  Advanced  technical 
theory  and  practice  applicable  to 
the  operation,  adjustment  and 
maintenance  of  a-m,  f-m,  television 
and  other  classes  of  broadcast  sta¬ 
tions  and  associated  equipment,  in¬ 
cluding  special  antenna  systems. 

Examination  requirements  for 
the  licenses  in  the  new  broadcast 
operator  group  will  include,  in  ad¬ 
dition  to  satisfactory  ability  to 
understand  the  English  language 
and  to  receive  and  transmit  spoken 
messages  in  English,  the  following 
written  examination  elements: 

Limited  broadcast  operator  li¬ 
cense — 1,  2,  and  7. 

Broadcast  technician-operator  li¬ 
cense — 1,  2,  7  and  8. 

Broadcast  engineer-operator  li¬ 
cense — 1,  2,  7,  8  and  9. 

The  scope  of  authority  of  licenses 
of  the  new  broadcast  operator 
group  will  be  substantially  as  fol¬ 
lows: 

Limited  broadcast  operator  li¬ 
cense — Holders  of  this  class  of  li¬ 
cense  may  operate  any  standard 
broadcast  station  having  a  maxi¬ 
mum  licensed  power  of  not  more 
than  1  kw  and  not  employing  a 
directional  antenna  system,  or  any 
f-m  broadcast  station  having  a  max¬ 
imum  licensed  effective  radiated 
power  of  not  more  than  1  kw,  or 
any  remote  pickup  or  standard 
broadcast  station,  provided  (1) 
that  one  or  more  holders  of  a  radio¬ 
telephone  first  class  operator  li¬ 
cense,  broadcast  technician-oper¬ 
ator  license,  or  broadcast  engineer- 
operator  license  is  regularly 
employed  on  a  full-time  basis  by 
that  station,  and  (2)  that  holders  of 
the  limited  broadcast  operator  li¬ 
cense  are  prohibited  from  making 
any  repairs  or  adjustments  beyond 
the  protective  interlocks  of  the  ra¬ 
dio  station  transmitter,  ej^cept  in 
the  presence  and  under  the  direc¬ 
tion  of  a  person  holding  one  of  the 
higher  classes  of  licenses. 

Broadcast  technician-operator  li¬ 
cense — Holders  of  this  class  of  li¬ 
cense  may  operate  any  class  of 
broadcast  station,  provided  that  (1) 
in  the  case  of  a  standard  broadcast 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


IRE  plans  for  professional  groups ;  Audio 
Engineering  Society  launched ;  new  micro¬ 
wave  relay  chains;  19  new  books  reviewed 


Broadcast  Operator  License  Proposal  Amended 


be  added  to  presently  existing  ele¬ 
ments  1  through  6,  as  follows : 

(7)  Practical  Broadcast  Opera¬ 
tion.  Provisions  of  law,  rules  and 
regulations  governing  the  opera¬ 
tion  of  standard  and  f-m  broadcast 
stations,  and  procedures  involved 
in  normal  operation  (including 
minor  transmitter  adjustments)  to 
insure  compliance  therewith. 

(8)  Technical  Broadcast  Theory 
and  Practice.  Intermediate  elec¬ 
tronics  theory  and  practice  as  ap¬ 
plied  to  the  operation,  adjustment 
and  maintenance  of  standard  and 
f-m  broadcast  stations,  technical 
regulations,  and  standards  of  good 


In  august  1947  the  FCC  proposed 
a  change  in  rules  applying  to  op¬ 
erator  licenses  for  the  broadcast 
service.  After  considering  all  avail¬ 
able  comments  and  information 
from  interested  parties  the  Com¬ 
mission  recently  modified  its  pro¬ 
posal  as  follows: 

A  new  group  of  commercial  op¬ 
erator  licenses,  to  be  known  as  the 
Broadcast  Operator  Group,  will  be 
established:  (a)  limited  broadcast 
operator  license;  (b)  broadcast- 
technician  operator  license;  (c) 
broadcast-engineer  operator  li¬ 
cense. 

New  examination  elements  will 


BROADCASTERS  SOLVE  FLOOD '  PROBLEM 


Radio  Btation  WKYW.  LouitTille,  Ky..  now  has  a  water-borne  transmitter  near  the  Ohio 
River.  In  the  path  of  frequent  floods,  it  was  Installed  on  a  barge  and  rises  with  the 
river.  The  barge  Is  held  by  steel  cables 
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station  having  a  maximum  licensed 
power  in  excess  of  1  kw  or  using  a 
directional  antenna  system,  or  (2) 
in  the  case  of  an  f-m  broadcast  sta¬ 
tion  having  a  maximum  licensed 
effective  radiated  power  in  excess 
of  1  kw,  or  (3)  in  the  case  of  an 
international,  facsimile,  or  tele¬ 
vision  broadcast  station,  one  or 
more  holders  of  a  broadcast  engi¬ 
neer-operator  license  is  regularly 
employed  on  a  full-time  basis  by 
that  station. 

Broadcast  engineer-operator  li¬ 
cense — Holders  of  this  class  of  li¬ 
cense  may  operate  any  class  of 
broadcast  station. 


MEETINGS 


Arc.  24-27:  AIKK  Pacific  General 
Meeting,  Spokane,  Wa?h. 

Ski’T.  4-6:  AKRI.  Convention,  Mil- 
v\aiikee  Anditoriuin,  Milwaukee. 

Skpt.  13-17:  Third  Instrument  Con¬ 
ference  and  Exhibit,  Convention 
Hall,  Philadelphia,  Pa. 

Skpt.  27-Oct.  2:  Third  National 
Plastic  Exposition,  Grand  Central 
Palace,  New  York  City. 

Skpt.  SO-Oct.  2:  Pacific  Electronic 
Exhibition  and  IRE  west  coast 
Annual  Convention.  Biltmore  Ho¬ 
tel,  Eos  Angeles,  Calif. 

()(T.  5-7:  AIEE  Middle-Eastern  Dis¬ 
trict  Meeting,  Washington,  D.  C. 

Oct.  11-12:  EM  Association  Second 
Annual  Convention,  Sheraton  Ho¬ 
tel,  Chicago. 

Nov.  4-6:  National  Electronics  Con¬ 
ference.  Edgewater  Reach  Hotel. 
Chicago. 


JfNE  10-12:  Symposium  sponsored 
by  Armour  Research  Foundation 
and  the  Physics  Department  of  the 
Illinois  Institute  of  Technology,  at 
Stevens  Hotel,  Chicago.  Papers 
and  planned  discussion  will  cover 
instrumentation,  techniques  and 
application  of  electron  and  light 
microscopy. 

June  21-25:  51st  an+iual  meeting  of 
the  American  Society  for  Testing 
Materials,  at  Detroit,  Michigan. 

Ji:ne  21-25:  AIEE  Summer  General 
Meeting,  Mexico  City. 

Jii.Y  14-16:  International  sympo¬ 
sium  on  noise,  held  by  the  Acous¬ 
tics  Group  of  the  Physical  Society 
and  the  Roger  Institute  of  British 
Architects,  at  the  Royal  Institute, 
Portland  Place,  London,  W.  1. 

Auc.  20-29:  All-Electrical  Exposi¬ 
tion.  Pan-Pacific  Auditorium.  Los 
Angeles,  (ialif. 


Audio  Society  Laiiiielied 

At  a  meeting  April  13  in  New  York 
City  attended  by  over  125  mem¬ 
bers,  the  constitution  and  bylaws 
of  the  Audio  Engineering  Society 
were  formally  adopted.  C.  J.  Lebel, 
chairman  of  the  meeting,  an¬ 
nounced  that  membership  was  al¬ 
ready  over  500  and  growing  stead- 


by  the  Board  of  Governors  of  the 
national  society. 

The  committee  entru.sted  with 
formulation  of  the  constitution  was 
headed  by  Harry  X.  Reizes  and 
composed  of  Isabel  Capps,  R.  J. 
Stier,  C.  R.  Sawyer,  A.  A.  Pulley, 
C.  G.  Brodhun,  D.  L.  Richter,  C.  J. 
MeProud,  C.  J.  Lebel,  A.  Cezar  and 
J.  Daniels. 

Classes  of  membership  provided 
for  are  as  follows: 

(1)  Honorary  Members:  —  A 
person  of  outstanding  repute  and 
eminence  in  the  .science  of  audio 
engineering  or  any  of  its  allied 
arts,  may  be  elected  to  honorary 
member.ship  by  the  board  of  gov¬ 
ernors  and  thus  become  entitled  to 
all  the  rights  and  privileges  of  the 
society. 

(2)  Felloivs:  —  A  member  who 
has  rendered  conspicuous  service, 
or  is  recognized  to  have  made  valu¬ 
able  contribution  to  the  advance¬ 
ment  in  or  dissemination  of  knowl¬ 
edge  of  audio  engineering,  or  the 
promotion  of  its  application  in 
practice,  may  be  elected  a  fellow 
of  the  society. 

(3)  Members:-  Any  person  ac¬ 
tive  in  audio  engineering  who  has 
an  academic  degree,  or  its  eijuiv- 
alent  in  scientific  or  professional 
experience  in  audio  engineering  or 
in  a  closely  related  field  or  art,  shall 
be  eligible  for  election  to  member¬ 
ship  in  the  society  and  upon  elec¬ 
tion  shall  be  entitled  to  all  the 

(continued  on  p  227) 


Adoption  of  the  constitution 
marks  the  launching  of  a  new  na¬ 
tional  technical  society  serving  the 
field  of  electronics.  Provisions  are 
made  for  establishment  of  local  or 
regional  sections  when  authorized 


MECHANICAL  HANDS  FOR  ILADIOACTIVE  AREAS 


A  remote-control  manipulator  using  mechanical  hands  can  perform  chemical  experiments 
or  operate  machine  tools  in  radioactive  areas.  In  actual  use  the  hands  would  extend  over 
a  protective  8-ft  wall  into  the  area  while  operated  frem  an  outside  room.  General  motion 
of  the  robot  corresponds  to  that  given  the  handles  by  the  remote  operator  but  wrists, 
rotated  electrically  by  the  use  of  synchros,  can  be  twisted  around  completely  any  niunber 
of  times.  The  device  is  used  at  the  Knolls  Atomic  Power  Laboratory  near  Schenectady, 
N.  Y.,  and  was  developed  by  John  Payne  of  the  Atomic  Power  Division  of  the  G.  E. 

Research  Laboratory 
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EXACTLY  THE  RIGHT  ^ 

SELECTOR  SWITCH 

FOR  YOUR  APPLICATION 


Tailoring  a  selector  switch  to  a  specific  ap¬ 
plication  economically  is  not  a  job  for  en¬ 
gineers  who  only  produce  a  few  types  oc¬ 
casionally.  Modern  switch  engineering  calls 
for  plenty  of  “know  how."  It  calls  for  a  back¬ 
ground  of  dozens  of  standard  types  from 
which  adaptations  can  be  made.  Not  the 
least  important,  it  calls  for  highly  special¬ 
ized  dies,  equipment  and  trained  assemblers 
.  .  .  All  of  which  Shallcross  offers  in  full¬ 
est  measure. 

WRITE  FOR  SPECIFICATION  SHEET 

Let  Shallcross  quote  on  your  Selector  Switch  require¬ 
ments.  Standard  types,  most  of  them  subject  to  broad 
adaptations,  cover  switches  for  bridges,  decade  boxes, 
transformer  tapping,  resistor  and  capacitor  parallel¬ 
ing,  inductance  tapping,  television,  and  many  other 
exacting  uses.  Ask  for  Form  C-1. 


Akro-Ohm  Precision 
Rosistors 

Combined  Kelvin- 
Wheotstone  Bridges 
Fault  Location 
Bridges 
Kilovoltmeters 
Kilovoitmeter 
Multipliers 
Shallcross  Variaten 
Attenuators 
Multi-Resistor 
Standards 
Portable  Power 
Supplies 

Lew  Resistance  Test 
Sets  (Bond  Testers) 
etc. 


Dept.  E-68,  Collingdale,  Pa 


TUBES  AT  WORK 
(continued  from  p  126) 

tions  in  the  output  voltage.  The 
amplifying  action  of  this  tube  pro¬ 
vides  the  regulating  effect.  Any 
change  on  the  grid  of  the  6SJ7  is 
amplified  and  transmitted  as  bias 
to  the  6L6’s,  which  changes  their 
series  resistance  in  the  proper  di¬ 
rection  to  counteract  the  fluctua¬ 
tion. 

'  By  varying  P„  the  output  voltage 
is  brought  to  the  exact  value  de¬ 
sired.  The  divider  was  calculated 
to  put  the  grid  5  volts  above  the 
cathode,  or  155  volts ;  Pi  has  a  range 
of  about  50  volts.  Potentiometer 
P*  helps  in  reducing  ripple,  as  it 
feeds  the  unregulated  voltage  to 
the  regulated  side  and  any  ripple 
will  be  partially  cancelled  due  to 
the  180-degree  phase  difference  be¬ 
tween  the  two. 

Resistor  R,  and  capacitor  Ci  aid 
I  considerably  in  ripple  reduction. 
A  500,000-ohm  potentiometer  was 
used  for  P,  and  adjusted  for  mini¬ 
mum  ripple  voltage.  If  the  supply 
is  used  where  the  load  changes 
rapidly,  a  4-(if  600-volt  oil-filled  ca- 
j  pacitor  across  the  output  helps  in 
maintaining  regulation. 

A-C  Output 

I 

!  The  change  from  d-c  to  a-c  is  ac- 
'  complished  by  means  of  a  4-pole 
double-throw  relay.  When  the  re¬ 
lay  is  energized,  it  disconnects  the 
high-voltage  windings  from  the 
rectifier  tube  and  makes  them  avail¬ 
able  by  means  of  a  switch.  The  Va- 
riac,  connected  to  the  primaries  of 
one  filament  transformer  and  the 
plate  transformer,  controls  the  a-c 
output.  When  the  switch  selects 
the  filament  transformer,  a-c  from 
j  0  to  7.5  volts  is  available  at  the 
terminals.  With  half  of  the  plate 
winding  switched  in,  up  to  600  volts 
may  be  had.  With  the  full  winding, 
1,200  volts  are  available ;  each  range 
being  continuously  variable.  The 
Variac  is  turned  down  whenever  a 
change  is  made  to  prevent  arcing 
at  the  relay  contacts. 

The  resistance  network  across 
the  output  divides  the  500  volts  d-c 
into  four  ranges,  each  range  being 
approximately  a  125-volt  step,  de¬ 
pending  on  the  current  being 
drawn.  Thus  for  the  first  range 
the  voltage  is  0  to  125,  the  second 
from  125  to  250,  the  third  from  250 
to  375  and  the  last  from  375  to  the 
I  full  500.  The  arrangement  of  the 
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i  Co.,  Inc. 

METAL  PRODUCTS 

BROOKLYN  16.  N.  Y. 

Telephone  SLocum  6-7501 


1400  ATLANTIC  AVENUE 


AT  YOUR  SERVICE  WITH  OUR  NEW  FACTORY  TO 
HELP  YOU  WITH  YOUR  SHEET  METAL  FAtRICA- 
TION  REQUIREMENTS. 


M^tal  Products  -  suck  as: 

INSTRUMENT  PANELS.  RAOiO  COMMUNICA- 
TION  CASES  and  ENCLOSURES.  OSCILLATOR 
BOXES.  CHASSIS  and  CABINET  ASSEMBLIES. 
racks  and  SPARE  PARTS  BOXES.  WATER¬ 
PROOF  CABINETS  and  BOXES.  METAL  STAMP¬ 
INGS.  FORMING  and  WELDING  of  FERROUS 
and  NON-FERROUS  METALS. 


Thousands  of  varied  Production  Dies  and  Tools 
available  at  no  extra  charge — ^to  speed  production 
and  reduce  your  costs.  We  specialize  in  ^’Whistler 
Die  Setups**  for  economic  and  speedy  production. 


AMPLIFIER  CASES 


Our  modern  Finishing  Dept,  includes — Pickling 
Degreasing  —  Bonderhing  and  Baked  Enamel 
Painting  of  aB  types;  thus  assuring  you  of  a  fine 
quality  product. 


We  can  assure  you  of  excellent  workmanship  and 
prompt  dehveries.  Send  us  your  blueprints  and 
specifications.  We  shaB  quote  you  immediately. 


SPARE  PARTS  BOXES 
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ACTS 


SCINFLEX 

ONE-PIECE 

INSERT 


fMiilanc*. 


TUBES  AT  WORK  (continued) 

potentiometers  gives  a  very  smooth 
control  between  ranges  and  allows 
i  voltages  as  low'  as  0.05  to  be  easily 
obtained.  The  two  10,000-ohm  po¬ 
tentiometers  are  General  Radio  type 
314 A,  rated  at  8  watts. 

Phase  Meter 

By  E.  O.  Vandeven 

General  Electric  Co. 

Schenectady,  Xew  York 

The  phase  meter  is  a  device  that 
measures  the  phase  angles  of  a  low 
or  high  frequency  polyphase  voltage 
supply.  Essentially  this  is  accom¬ 
plished  by  developing  on  the  screen 
of  a  cathede-ray  oscilloscope  a  cir¬ 
cular  sw'eep  at  the  polyphase  supply 
frequency.  Each  phase  Voltage  of 
the  polyphase  supply  is  then  separ¬ 
ately  amplified,  clipped,  differenti¬ 
ated  and  again  amplified. 

In  the  output  of  each  phase  am¬ 
plifier  are  pulses  w'hich  are  estab¬ 
lished  in  time  by  their  respective 
phase  voltage.  These  pulses  are 
mixed  and  applied  to  the  Z-axis 
amplifier  of  the  oscilloscope  to  in¬ 
tensity  modulate  the  circular  trace, 
causing  a  dark  or  bright  spot  to 
appear  for  each  phase  voltage.  The 
angular,  displacement  between  the 
spots  is  then  a  measure  of  the  angu¬ 
lar  displacement  between  corres¬ 
ponding  phase  voltages.  The  phase 
angles  can  be  read  by  calibrating 
the  oscilloscope  screen  radially  in 
degrees. 

A  block  diagram  of  the  phase 
meter  is  show’n  in  Fig.  1.  One  phase 


AND  THE  SECRET  IS  SCINFLEX! 

Bendix-Scintilla*  Electrical  Connectors  are  precision-built  to 
render  peak  efficiency  day-in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  "Scinflex”  dielectric  material, 
a  new  Bendix-Scintilla  development  of  outstanding  stability, 
makes  them  vibration-proof,  moisture-proof,  pressure-tight, 
and  increases  flashover  and  creepage  distances.  In  temperature 
extremes,  from  — 67°  F.  to  +300°  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  mil. 

The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
Bendix-Scintilla  Connectors  have  fewer  parts  than  any  other 
connector  on  the  market — an  exclusive  feature  that  means 
lower  maintenance  cost  and  better  performance. 

*REG.  O.S.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  Moisture-proof,  Pressure-tight  e  Radio  Quiet  e  Single-piece  Inserts 
e  Vibration-proof  e  Light  Weight  e<.  High  Arc  Resistance  e 
Easy  Assembly  and  Disassembly  e  Less  parts  than  any  other  Connector 

Available  in  all  Standard  A.N.  Contact  Cmifigurations 


FIG.  1 — Block  diagrem  of  phase  detector 


of  the  three-phase  supply  is  applied 
I  to  a  device  which  shifts  the  phase 
;  by  90  degrees.  This  is  done,  since 
I  to  obtain  a  circular  sweep  it  is 
i  necessary  to  apjtly  to  the  horizontal 
and  vertical  amplifiers  voltages  of 
the  same  fretpiency  but  separated 
in  phase  by  90  degrees.  The  pulse 
forming  and  mixing  circuits  are 
also  indicated. 

I  The  phase  meter  was  developed 
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An  ITtT  Asuciati 


FEDERAL  STANDARD^H  POWER  SUPPLI 

now  in  stock  and  ready  for  quick  deiivery 


Ahese  Federal  standard  D-C  Power  Supplies  are  now  avail¬ 
able  to  meet  a  wide  range  of  industrial  and  laboratory  re¬ 
quirements  for  both  filtered  and  unfiltered  D-C  power.  All 
Federal  D-C  Power  Supplies  are  powered  by  Federal  long¬ 
life  Selenium  Rectifiers  with  no  expendable  parts  that  de¬ 
mand  frequent  replacement.  Operation  is  dependable  and 
economical.  Federal  D-C  Power  Supplies  are  conservatively 
rated.  Heavy  duty  Selenium  Rectifiers  are  able  to  withstand 
momentary  overloads  .  . .  provide  D-C  power  immediately 
without  heat-up  period  .  .  .  operate  quietly  and  efficiently 
with  practically  no  maintenance.  For  prices  and  information 
on  other  Federal  standard  D-C  Power  Supplies,  write  De¬ 
partment  E813. 


D-C  Output 


D-C  Output 


Code  Number 


Code  Number 


Filtered  and  regulated 


Federal  Telephone  and  Radio  Corporation 


SEIENIUM  and  INTELIN  DIVISION,  900  Passaic  Ave.,  East  Hework.  New  Jersey 


MEEPINC  FEDERAL  YEARS  AHEAD. ..  is  IT&T's  warld  wide 
research  or^d  engineering  organiiotion,  of  which  the  Federal 
Telecommunication  Laborotories«  Nutley,  N.  J.,  is  a  unit. 


In  Conodo:  Federal  Electric  Monufocturing  Compony,  Ltd.,  Montreol,  Q. 
Export  Distributors:  International  Stondard  Electric  Corp.  67  Brood  St,  N.  V, 
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A  fell'  of  the  /?.5  /lerniaiiert'i/  iiixiiliileii  wires, 
cables  and  curds  dere.oped  by  Ruckbcstos. 


ROCKBESTOS  RANGE  AND  APPLIANCE  LEAD  WIRES 

Available  in  .several  tyj)es  to  fit  the  electrical 
aiul  iiiechaiiical  recjuireinents  of  y«>ur  |)nMluct. 
Solid  or  stranded  copj)er,  nickel  or  monel  con¬ 
ductors  insulated  with  imprefcnated  a.sl)estos 
only,  or  a  combination  of  high-dielectric  ta|)es 
and  niij)rcgnated  asbestos. 


ROCKBESTOS  A.V.C.  600  VOLT  SWITCHBOARD  WIRE 


This  wire  was  designe<l  to  make  complicated 
wiring  jobs  j)eriiianent.  The  impregnated 
felteci  asl)estos  wall  Wneath  the  flame-pn>ofed 
cotton  braid  is  heat,  flame  and  moisture  re 


si.stant  and  assures  fine  apj)ea ranee  of  boards  as 
it  gives  on  l>ends  to  prevent  braid-cracking. 
Sizes  IS  to  4/0  .\\V(  i  with  solid  or  .stranded  con- 
diK’tors  in  black,  gray  and  colors.  UockWstos 
A.V.C.  Hinge  and  Hus  Cables  have  the  .same 
characteristics. 


ROCKBESTOS  A.V.C.  600  VOLT  MOTOR  LEAD  CABLE 


I'se  this  apparatus  cal)le  for  csiil  connection 
motor  and  transformer  leads  expo.sed  to  over 
loads  or  high  ambient  tem|>erature.s.  It  makes 
a  |)ermanent  in.stallation  as  it  is  resistant  to 
heat,  flame,  oil,  gn*ase  and  moi.sture.  Size; 


No.  18  .\W(i  to  1,(MK(,000  CM  insulated  with 


two  walls  of  impragiiated  asbestos  and  a  high 
lielectric  varnished  cambric  insert,  with  a 


heavy  asbe.stos  braid  covering 


Wire-Failure  in  Your  Products 


/  fy  \  Can  Tie  Your  Salemens  Hands 


The  integrity  of  your  company  is  at  stake 
every  time  a  switch  is  flicked  on  one  of  your 
products  .  .  .  protect  your  good  name  with 

Permanently  Insulated 

ROCKBESTOS 

WIRES.CABLES  and  CORDS 


Here’s  the  protection  you,  as  well  as  your  customers,  get  when 


your  products  are  Rockljestos-wired 


# Permanent  insulation  with  impregnated  felted  a.shestos. 


#No  rotting,  blooming  or  swelling  from  oil,  grea.se  or 
corrosive  fumes. 


#No  baking  brittle  from  conductor-heating  overloads. 


#No  destructive  and  expensive  wire-fires. 


#Xo  deterioration  from  age  or  oxidation. 


#Steppcd-up  current  carrying  capacity  via  high  heat 


resistance. 


riie.se  safety  factors  can  mean  the  difference  between  stardom  or 
ob.scurity  for  your  brand  -  in  terms  of  goodwill,  reduceil  servicing 
or  replacement,  ^'ou’ll  fitul  them  in  every  one  of  the  Pio  ditlerent 


standard  Rockbestos  constructions. 


Get  your  copy  of  the  new  No.  10-F  Rockbestos 
Catalog,  sectioned  for  easy  reference  .  .  .  write 
today — to  our  nearest  district  office  or  direct 


460  NICOLL  STREET,  NEW  HAVEN  4,  CONN. 


NEW  YORK 


PITTSBIRGH 


BUFFALO 


ST.  LOUIS 


CLEVELAND  DETROIT  CHICAGO 


LOS  ANGELES  OAKLAND,  CAL. 


ROCKBESTOS 


The  Wire  with  Permanent  Insulation 
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TUBES  AT  WORK 


(continued) 


FIG.  2 — Single-phase  to  three-phase  trans¬ 
formation  circuit  and  phase  diagram 


for  work  with  the  2H21  phasitron 
tube,  used  to  generate  crystal-con¬ 
trolled  f-m.  The  phasitron  has 
three-phase  r-f  applied  to  the  de¬ 
flector  electrodes.  A  crystal  oscil¬ 
lator  at  approximately  230  kilo¬ 
cycles  is  the  signal  source.  This 
single-phase  voltage  is  transformed 
to  three-phase  by  employing  a  mod¬ 
ified  Scott  transformer  connection.  | 

The  single-  to  three-phase  trans¬ 
formation  circuit,  with  the  associ¬ 
ated  phase  relationships,  is  shown 
in  Fig.  2.  Amplifier  tube  V  supplies 
a  transformer  load,  the  secondary 
of  which  is  center  tapped.  Second¬ 
ary  voltage,  AF,  is  shown  vectori- 
ally  on  the  pha.se  diagram.  The  OB 
vector,  displaced  90  degrees  from 
AF,  is  obtained  by  shifting  the 
phase  of  the  primary  voltage  DE  by 
90  degrees.  Since  DE  and  AF  are  in 
phase,  vector  OB  is  then  90  degrees 
from  AF. 

Resistor  R  is  essentially  con¬ 
nected  from  B  to  E  which  is  part 
of  a  tuned  circuit.  Therefore  by 
detuning  the  tuned  circuit  slightly 
from  the  resonant  point  the  react¬ 
ance  from  B  to  E  can  be  made  to 
appear  inductive.  This  inductive  re¬ 
actance  is  in  series  with  C„  and  by 
proper  adjustment  of  these  two 
parameters  the  voltage  BE  will  be 
displaced  from  the  supply  voltage 
DE  by  90  degrees.  By  properly  e.s- 
tablishing  the  ratio  of  C,  to  C,,  the 
point  f'  is  selected  along  the  OB 
vector.  Point  E  is  grounded  provid¬ 
ing  a  neutral  point  for  the  balanced 
three-phase  system. 

For  the  phasitron  to  operate  with 
minimum  distortion  it  is  neces.sary 
that  the  exciter  supply  pha.se  volt¬ 
ages  of  equal  magnitude  and  angu¬ 
lar  displacement.  The  phase  meter 
was  developed  to  facilitate  the  ad- 
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MOISTURE 

costs  you  money 


Ward  Leonard  Resistors  stand  up  under 


prolonged  exposure  to  high  humidity 


Hermetic  sealing  with  crazeless  vitreous 


enamel,  made  from  Ward  Leonard’s  own 


special  VITROHM,  enables  the  Ward 


Leonard  resistor  to  stay  on  the  job.  They 


are  even  unaffected  by  thermal  shock. 


Ward  Leonard  resistors  are  "Result* 


Engineered".  By  modifying  a  basic  de 


sign,  Ward  Leonard  can  give  you  the 


results  of  a  special  .  .  .  for  the  cost  of  a 


standard. 


VX’rite  for  Resistor  Catalog.  Ward  Leon 


ard  Electric  Co.,  31  South  Street,  Mount 


Vernon,  N.  Y.  Offices  in  principal  cities 


of  U.  S.  and  Canada. 


WHERE 
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DESIGNS 
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CONIROIS 
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RESULT- 

ENGINEERED 
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WARD  LEONARD 

ELECTRIC  COMPART 

RESISTORS  .  RHEOSTATS  .  RELAYS  •  CONTROL  OEVICrS 
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TUBES  AT  WORK  (continued) 

justment  of  the  exciter  supply  for 
perfect  three-phase  output. 


Circular  Sweep 


Fiifure  3  shows  the  circuit  used 
to  obtain  circular  sweep.  The  sin- 
j?le-phase,  230-kc  signal  feeds  a 
pentode  amplifier.  The  amplifier 
plate  circuit  has  a  tuned  trans¬ 
former  which,  when  resonated,  gives 
a  90-degree  phase  shift  between 
primary  and  secondary.  Proper  ad- 
ju.stment  of  the  secondary  tuning 


10,000 


lOO  uyF 


100 

SINGLE  JiUE 
PHASE— 1(- 
INPUT 


FIG.  3 — Circuit  of  circular  sweep  generator 


A  portable  battery  operated  instrument  for  the  measurement 
of  radiation  intensities  —  incorporating  precise,  reliable 
circuits  such  as  are  usually  found  only  in  elaborate 
laboratory  apparatus. 

OTHER  GEIGER-MULLER  MODELS 
BY  EL-TRONICS: 

1  MODEL  LS  64-  Laboratory'  Counter  Set  (Scaling  type). 

2  MODEL  RM  4  —  Counting  Rate  Meter  and  Counter  Set. 

3  MODEL  LS  1  -  Laboratory  Counter  Set  (slow  speed — 
without  scaling  circuits). 

4  MODEL  DS  7  -  Classroom  Demonstration  Set. 

5  MODEL  RA  5  -  Radiation  Alarm. 

6  MODEL  GPG  2  —  Pulse  Generator. 


capacitor  is  accomplished  by  observ¬ 
ing  the  pattern  on  the  c-r  tube. 
When  this  capacitor,  and  the  hori¬ 
zontal  and  vertical  gains,  are  cor¬ 
rectly  set,  the  result  will  be  a  cir¬ 
cular  trace  on  the  cro  screen. 

The  pentode  amplifier  is  run  class 
A  and  with  an  unbypassed  cathode 
resistor.  This  is  to  minimize  dis¬ 
tortion  of  the  voltages  applied  to 
the  vertical  and  horizontal  ampli¬ 
fiers.  The  cro  amplifiers  must  also 
have  low  distortion,  or  it  will  be 
impossible  to  obtain  perfect  circu¬ 
lar  sweep.  Circle  size  is  controlled 
by  R,. 

One  of  the  pulse-forming  circuits 
is  shown  in  Fig.  4.  Phase  voltage  is 
applied  to  Fu,  a  cathode  follower. 
This  tube  transforms  from  high- 
impedance  input  to  low-impedance 
output  across  L,. 


We  also  specialize  in :  Electronic  Capacity  Operated  Burglar  Alarms 
— Radio  Transmitters  and  Receivers  of  all  types — Regulated  Power 
Supplies  Electronic  Bridges— Photo-electric  Equipment  High 
Fidelity  and  High  Power  Audio  Equipment— Electronic  and  Radio 
Controlled  Counting  and  Signalling  Devices— Variable  Frequency 


Accuracy  of  the  meter  depends 
more  than  anything  else  on  the 
coupling  circuit  between  Via  and  F-, 
and  the  operation  of  Fs.  The  volt¬ 
age  developed  across  L,  is  at  least 
30  volts  rms.  Therefore  the  grid  of 
Fj  swings  from  minus  50  volts  to 
50  volts  i)liis,  less  the  drop  across 
R:,C,.  The  tube  begins  to  conduct 
when  the  input  voltage  rises  to  ap- 
j  proximately  —4.5  volts.  When  it 


2641  N.  HOWARD  STREET 
PHILADELPHIA  33,  PENN  A. 


Manufacturers  of  Specialized 
Electronic  Equipment 
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cuss  Of  INI  POWIR-TOBE  flElD  fOR  HR  AND 


GL-9C24  V-h-f  Triode 


#  POWER  TO  SP^RE  . . .  two  tubes 
''under  wraps"  will  put  out 
more  than  10  kw  in  FM— more 
than  5  kw  in  television* 

#  FREQUENCY  UP  TO  220  M€  at 
max  plate  input* 

#  All  the  electrical  characteristics 
of  ULTRA-MODERN  H-F  TUBE 
DESIGN* 

#  Sturdy  and  COMPACT  for  close 
side-by-side  tube  mounting* 

#  G-E  RING  SEAL  construction 
gives  generous  terminal-contact 
areas* 


External  metal  parts  are  silver- 
plated,  to  cut  r-f  losses  and  provide 
better  elearical  contact  sui  faces. 
Fernico  metal-to-glass  seals  are  used 
throughout  .  .  .  this  tube  is  long- 
lived,  sturdy! 

If  you  build  transmitters  and  wish 
to  benefit  from  the  proved  brilliant 
performance  of  Type  GL-9C24,  your 
nearby  G-E  electronics  office  gladly 
will  give  you  further  details. 

If  you  are  a  station  operator  or  en¬ 
gineer,  needing  replacement  tubes 
of  any  type—YM.,  television,  or  AM 
—see  your  local  General  Electric 
tube  distributor  or  dealer  for  alert 
service!  Besides  showing  the  way  in 
tube  design,  G.E.  gets  tubes  to  you 
fastest  when  you  need  them.  Elec¬ 
tronics  Department,  General  Electric 
Company,  Schenectady  5,  N.  Y. 


Today’s  better  pictures,  in  many 
cases,  owe  a  debt  for  sharpness 
and  quality  to  the  superior  signal 
put  on  the  air  by  General  Elearic’s 
great  power  triode,  GL-9C24.  New¬ 
est  transmitters  with  finer  video  per¬ 
formance,  use  GL-9C24’s  in  push- 
pull  for  final  output  over  both  low 
and  high-band  channels. 

In  EM  work,  too,  this  tube  has 
set  noteworthy  standards.  With  rat¬ 
ings  in  frequency  and  power  that  are 
ideal  for  the  job— plus  a  wholly  new 
design  concept  which  outmodes 
earlier  v-h-f  types— the  GL-9C24  is 
an  example  of  detailed  planning 
for  efficiency. 

When  applied  in  a  properly  de¬ 
signed  grounded-grid  amplifier  cir¬ 
cuit,  no  neutralization  is  necessary. 
Lead  inductance  is  extremely  low. 


Filament  voltage  6.3  v 

Filament  current  240  amp 

Grid-plate  transconductance  11,000  micromhos 
Interelectrode  capacitances- 

Grid-filament  24  micromicrofarads 

Grid-plate  15.7  micromicrofarads 

Plate-filament  0.5  micromicrofarads 

Type  of  cooling  water  and  forced  air 

Plate  ratings  per  tube.  Class  B  r-f  power  ampli¬ 
fier  (video  service,  synchronizing  peak  conditions): 
Max  voltage  5,000  v 

Max  current  2  amp 

Max  input  10  kw 

Max  dissipation  5  kw 

*  Useful  power  output,  typical 
operation  (at  4,000  v  and  1.7 

amp,  band  width  5  me)  3.4  kw 

Plate  ratings  per  tube.  Class  C  r-f  power  am¬ 
plifier  (key-down  conditions  without  modulation): 
Max  voltage  6,500  v 

Max  current  2  amp 

Max  input  12  kw 

Max  dissipation  5  kw 

*  Useful  power  output,  typical 
operation  (at  6,000  v  and  1.3 

amp)  6.4  kw 

'Includes  power  transferred  from  driver  to  out¬ 
put  of  grounded-grid  amplifier. 
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DtSIQMED  TO  MEET  BVEEY  HEQUIftEMENT 


The  Complete  Quality -Engineered 

LINE  OF  FM  &  TV  ANTENNAS 

(44  to  216  MC)  by  ^ 


'/A',  .  PRODUCERS  OF  ANieNNAS 
irj(f  IHl  START  OF  BROADCA-ST/NG 


VCH 

lArr 


Be  assured  of  maximum  reception  and  trouble- 
free  operation  with  Brach  FM  &  TV  antennas.  They  are 
recommended  for  their  simplicity,  ease  of  installation 
and  durability  by  service-men,  installation  engineers 
and  dealers.  Brach  features  a  complete  line,  engi¬ 
neered  for  maximum  performance  and  to  meet  all 
individual  problems  and  requirements. 

All  antenna  kits  are  complete,  containing  a  five 
foot  steel  mast,  non<orrosive  aluminum  elements, 
ample  down-lead,  all  necessary  hardware  and  the 
Brach  Universal  Base  Mount  which  permits  a  360° 
rotation  of  the  mast  to  any  position  on  any  type  of 
building  after  the  mount  has  l^en  secured.  Guy  wires 
are  also  included  and  give  complete  protection  and 
stability  to  the  installation. 

Brach  antennas  feature  a  low  standing  wave 
ratio  for  peak  reception  and  can  be  obtained  to  cover 
all  channels  from  44  to  216  MC.  Each  type  of  antenna 
has  been  tested  to  give  a  uniform  pattern  over  the 
frequency  range  specified. 

ATTENTION.  USERS  OF  PRIVATE  BRANDS 

L.  S.  Brach  Mfg.  Corp.,  experienced  in  the  de¬ 
velopment  and  nrKinufacture  of  all  types  of  receiving 
antennas,  offers  engineering  and  mass  production 
facilities  for  the  design  and  production  of  antennas 
to  individual  specifications. 

SEND  FOR  CATALOG  SHEETS 


•RACK  STRAIGHT  DtPOlE 


FOR  FM  #334  M  108  MC 
FOR  TV  #333  44-88  MC 
AccMsory  Reflector  Klf^ 
For  FM  #334-R 
Accessory  Reflector  Kit-* 
For  TV  #333  R 


8RACH  FOIDED  OIPOIE 
FOR  FM  #33S  88-108  MC 
FOR  TV  #337  44-88  MC 


8RACN  MUITI  8AND 


8RACH  8ROAO  8AND 


8RACH  CROSS  OIFOIE 


FOR  FM  8  TV  #344 
44-108  MC  174-314  MC 
lAeeewery  Reflector  Kit 
#344-8  os  lllestrotedi 


FOR  FM  8  tv  #338 
44-108  MC 
174-316  MC 


FOR  FM  #346 
88-108  MC 


UNIVERSAL 
8A$E  MOUNT 


L.  S.  BRACH  MFG.  CORP. 

2  00  CENTRAL  AVE.,  NEWARK  4,  N.  J. 


WORLD'S  OLDEST  AND  LARGEST  MANUFACTURERS  OF  RADIO  ANTB^NAS  AND  ACCESSORIES 


I  reaches  zero  volts,  grid  current  be- 
;  gins  to  flow,  resulting  in  a  voltage 
!  drop  across  the  grid  resistor. 

The  output  of  Vt  therefore  is  a 
pulse  whose  leading  edge  is  very 
.steep.  It  is  important  that  this  lead¬ 
ing  edge  be  definitely  established  in 
i  time  with  respect  to  the  phase  in¬ 
put  voltage. 

Tube  Vi  is  directly  coupled  to  L„ 

'  since  a  blocking  capacitor  would 
have  a  discharge  time  constant 
which  would  develop  grid  bias  on  V. 
and  change  its  operating  point  with 
respect  to  the  phase  input  voltage. 
Filter  has  a  time  con.stant 

which  is  short  compared  to  the  pe¬ 
riod  of  one  cycle.  Thus,  as  the  volt- 
]  age  across  L,  rises  from  its  peak 
'  negative  value,  V,  .should  begin  to 
i  conduct  at  a  point  determined  en¬ 
tirely  by  its  cutoff  potential. 

If  the  magnitude  of  the  pha.se 
voltage  is  varied,  this  point  will 
.shift  slightly,  which  is  part  of  the 
inherent  error  of  the  device.  If  all 
phase  voltages  are  varied  by  the 
same  amount  ht)wever,  no  net  error 
should  result.  All  operating  points 
will  have  shifted  by  the  same 
amount  and  in  the  .same  direction, 
j  C,  and  H.L:  constitute  a  differen- 
1  tiating  circuit,  the  voltage  on  W 


14< 


June,  1948— ELECTRONICS 


■  "  ^  It's  sweet  music  to  us. ..and  to  our  customers, 

we  think,  to  know  that  Karp  Metal  Products  Co.,  Inc.  soon  will 
move  into  a  brand  new  streamlined  building  of  70,000  square 
feet  of  space,  with  a  600  foot  frontage. 

Our  new  plant  will  be  the  lost  word  in  modern  manufacturing 
quarters,  equipped  with  the  newest  and  most  efficient  machinery 
and  facilities,  including  the  most  complete  and  up-to-date  point 
and  finishing  department,  scientifically  air  conditioned  and 
dustproof.  These  advancements  will  enable  us  to  extend  the 
scope  of  the  precision  service  we  render  the  leaders  of  the  radio 
ond  electronics  industry. 

Your  loyal  patronage  has  helped  moke  possible  this  expan¬ 
sion,  and  you  may  be  sure  the  favor  will  be  returned  in  the  form 
of  greater  production  and  better-than-ever  Karp  service  .  .  . 
from  the  simplest  chassis  to  the  most  elaborate  console. 

Ask  For  Our  Informative  New  Catalog 


1 24  -  30th  Street,  Brooklyn  32,  New  York 


ELECTRONICS  — June,  1948 


TRIPLE  INDEMNITY  WITH 


TUBES  AT  WORK 


(continued) 


+50V 


PHASE  VOLTAGE  APPLIED 
TO  GRID  CIRCUIT  Of 
CLIPPER  TUBE  . 


CLIPPER 

TUBE 

CUT-OFF 

LEVEL 


CLIPPER 

OUTPUT 


FIG.  5 — Phase  relations  in  pulse-forminq 
circuit 


grid  consisting  of  narrow  positive 
and  negative  pulses.  Since  V,  is  zero 
biased,  its  grid  presents  low  im¬ 
pedance  to  the  positive  pulses  and 
high  impedance  to  the  negative 
ones.  In  the  output,  positive  pulses 
predominate. 

Tube  Vt  is  an  amplifier-inverter, 
biased  beyond  cutoff.  The  pulses  are 
also  narrowed  in  this  stage.  Output 
of  Vi  is  applied  to  Fb,  a  cathode  fol¬ 
lower.  The  negative  pulses  devel¬ 
oped  across  the  cathode-follower 
load  impedance  cannot  be  fed  to  the 
Z  axis  input  directly.  If  this  were 
done  the  cathode-follower  loads  of 
all  phase  circuits  would  essentially 
be  in  parallel.  When  one  cathode 
follower  were  pulsing  the  remain¬ 
ing  two  would  present  excessive 
loading.  The  result  would  be  in¬ 
sufficient  pulse  output  voltage. 

Circuit  Isolation 

Therefore  the  second  section  of 
Fb,  is  diode  connected.  Under  these 
circuit  conditions,  the  cathode  load 
impedances  of  the  inoperative  ca¬ 
thode  followers  are  isolated  from 
the  load  impedance  of  the  one  that 
is  operating. 

Tube  Fib  is  diode-connected  to 
form  part  of  a  peak-reading  volt¬ 
meter  circuit.  The  meter  is  cali¬ 
brated  to  read  rms  phase  voltage. 

Figure  5  shows  the  phase  rela¬ 
tionship  between  the  sine  wave  in¬ 
put  to  the  phase  circuit  and  the 
output  pulses  appearing  at  the  Z- 
axis  input  to  the  cro.  The  leading 
edge  of  each  pulse  is  determined 
by  the  cutoff  point  of  the  first  clip¬ 
per  tube  in  the  corresponding  phase 
circuit. 

Other  possible  uses  of  the  phase 


faster  •  more  economical  •  more  efficient 

Alpha  Tri-Core  rosin-filled  solder — with  3  cores  in¬ 
stead  of  1 — ogives  you  three  times  the  "performance 
insurance”  you  get  from  ordinary  solder.  The  simple 
facts  are:  You  get  more  for  your  money  with  Alpha 
Tri-Core  rosin-filled  solder  —  more  speed !  More 
operations  per  pound !  More  operations  per  hour!  In  ^ 

addition,  Tri-Core  permits  the  use  of  lower-tin-con-  . 

tent  alloys  with  superior  soldering  results  to  that 

obtained  from  ordinary  solders  with  3-13%  more 

tin.  Can  you — can  any  manufacturer — afford  to  over- 

look  such  outright  savings  these  days.^  Write  for 

samples  or  trial  order  and  put  Alpha  through  your 

own  tests  in  your  own  shop.  It  is  the  accepted  solder 

by  over  70%  of  electronic  equipment  manufacturers. 


MORE  FOR  YOUR  MONEY  WITH  ALPHA 
TRI-CORE  ROSIN-FILLED  SOLDER 


•  3  cores  of  flux  instead  of  1  —at  no  extra  cost! 

•  Even  distribution  of  flux  throughout ...  no 
fluxless  areas! 

•  22%  more  joints  per  pound  of  solder! 

•  25%  more  joints  per  hour  of  soldering  time! 

•  No  high-resistance  joints!  No  inspection  re¬ 
jects!  No  returns! 

•  99.9%  pure,  water-white  rosin  used  ex¬ 
clusively! 

•  No  toxic  fumes!  Preferred  by  solderers 
everywhere! 

•  Absolutely  non-corrosive;  non-hydroscopic 
flux  residue  is  glass-like  in  hardness  and 
non-conductive! 


SOLDER  SPECIALISTS 
FOR  OVER  58  YEARS 


other  ALPHA  PRODUCTS  include: 
TRI  CORE"ENERGI2ED’’rOSIN-FILLED  SOLDER; 
TRI  CORE  “LEAK  PRUF  ’  ACID-FILLED  SOLDER, 
SOLID  SOLDER  WIRE;  PREFORMS  (fosin  and 
acid-filled);  BAR  SOLDER,  ANODES  AND  FOIL. 


ALPHA  METALS,  INC.,  371  HUDSON  AVENUE,  BROOKLYN  1,  NEW  YORK 
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/OUTPUT  FROM  PHASE 

PULSE -FORMING  CIRCUIT 

r 

THE  RCA  WV-84A  ULTRA  SENSITIVE  DC 
MICROAMMETER  is  a  battery-op>erated 
vacuum-tube  instrument  capable  of 
measuring  currents  from  0.00 1  to 
1000  microamiJeres.  The  instrument 
has  six  ranges  and  can  read  currents 
in  either  direction  by  a  simple  switch¬ 
ing  operation.  Accuracy  is  +  5%  of 
full-scale  reading  in  the  0.01  range, 
+  4%  on  all  other  ranges. 

In  addition  to  its  usefulness  in 
measuring  small  currents,  the  RCA 
WV-84A  may  also  be  employed  as  an 
extremely  high-resistance  voltmeter 
by  the  addition  of  external  multi¬ 
pliers,  or  it  may  be  used  for  the 
measurement  of  very  high  resistance 
values. 


Measuring  solution  potential  with  the  RCA  WV-^^ 
t4A  Ultra-Sensitive  DC  Microammeter. 


THE  RCA  WV-75A  HIGH-FREQUENCY  VOLTOHMYST  employs  a  push-pull 
dc  vacuum-tube  voltmeter  circuit  that  provides  excellent  linearity 
and  stability.  It  will  measure  dc  resistances  up  to  1000  megohms, 
ac  and  dc  voltages  up  to  1000  volts.  A  new  ly  developted  diode  probe 
and  internal  circuit  permits  readings  of  both  positive  and  negative 
peak  voltages  at  frequencies  up  to  250  Me. 

In  addition,  the  RCA  WV-75A  p>ossesses  all  the  outstanding  char¬ 
acteristics  of  its  well-known  predecessor.  Type  195-A.  * 

^Hising  th«  RCA  WV-75A  High-Frequency  VoltOhmyst  for  television  receiver  measurements. 


THE  RCA  WV-73A  AUDIO  VOLTMETER  is  a  sensitive  high-impedance 
VTVM  capable  of  readings  from  0.001  to  1000  ac  volts  over  a 
range  of  20  to  20,000  cycles.  Logarithmic  scale  and  overlapping  at¬ 
tenuator  assure  accuracy  even  when  pointer  is  at  either  end  of  scale. 

The  WV-7.5A,  in  combination  with  a  modulated  high-frequency 
generator  and  rectifying  probe,  is  especially  useful  in  determining 
characteristics  of  coaxial  cables  and  slotted  lines.  Standing-wave 
ratios  can  be  read  in  terms  of  voltage  or  db  ratio,  since  the  meter 
is  equipped  with  both  scales. 

Using  Audio  Voltmeter  with  rectifying  probe  to  detect  standing  waves  in  wave  guide. 


For  complete  details,  see  your  RCA  Laboratory  Measuring  Equipment  Distributor, 
or  write  RCA,  Commercial  Engineering,  Section  FY40,  Harrison,  New  Jersey. 


RADIO  CORPORATION  of  AMERICA 
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TUBES  AT  WORK 
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meter  principle  include  the  meas¬ 
urement  of  phase  shift  through 
amplifier  circuits. 

R«F  Heating  for  Cabinets 

By  Charles  Dusenbury 

Engineerinif  and  Service  Department 
Weattnghouse  Electric  Corp. 

Atlanta,  Georgia 

When  Gavan  Woodcrafter  Inc. 
began  the  manufacture  of  radio 
cabinets,  a  method  was  needed  that 
WDuld  eliminate  human  error  in 
gluing,  holding  and  setting.  In 
addition  they  were  limited  in  time 
and  floor  space.  The  solution  was 
found  in  radio-frequency  heating. 

The  production  line  cabinet 
fabrication  set  up  contains  five 
Westinghous  generators,  one  5  kw, 
5-mc  set,  two  6  kw,  15-mc  sets,  and 
two  2  kw,  16-mc  sets.  Three  of 
these  units  are  equipped  with  two 
position  switches  to  permit  one  jig 
to  be  heated  while  the  other  is 
loaded.  The  other  two  units  are 
connected  directly  to  the  presses. 
The  jigs  and  presses  are  con¬ 
structed  of  plastic-impregnated 
wood  and  cost  has  been  quite  low. 

With  radio-frequency  glue  line 
heating  and  setting,  cabinet  con¬ 
struction  does  not  rely  on  nails, 
cleats,  or  hand  clamps  to  hold  the 
cabinet  together  for  a  long  glue¬ 
setting  period.  The  various  parts 
are  coated  with  glue,  placed  in  the 
jig  and  held  for  a  few  seconds  dur¬ 
ing  the  r-f  heating  cycle,  which 
sets  the  glue  sufficiently  so  that 
they  can  be  removed  immediately 
for  finishing.  This  gives  a  product 
without  nails,  and  thus  a  finer 
finished  cabinet. 

The  entire  process  consists  of  six 
steps :  five  gluing  and  heating  oper¬ 
ations  and  the  final  assembly.  In 
forming  the  curved  front  section  of 
the  cabinet,  two  plys  of  birch  or 


I 


i 


000,000. 

Aviation  by  1952 


JANUARY  1,  1948  — need  a  greatly  enlarged  air  force^  right 
noMf.^—Ptesident's  Air  Policy  Commission 

riBRUARY  9,  1948  — S.  policies  must  remain  continually  adjusted 
to  the  requirements  of  total  air  power.** — Air  Co¬ 
ordinating  Committee 

MiARCH  1,  1948  — **We  must  have  air  power  that  is  supreme.  We 

cannot  have  less.** — Congressional  " Avia^n  Policy  Board 


FORTY  BILLION  DOLLARS  .  .  .  that's  the  amount  of  money 
required  to  rebuild  U.  S.  air  supremacy  in  the  next  five 
years.  Our  Administration,  our  Congress,  our  military  and 
aviation  leaders  agree  that  we  must  do  this  if  America,  as 
the  leading  world  power,  is  to  maintain  world  peace  and 
order. 

Nor  can  we  stop  there.  We  must  continue  to  spend,  say 
our  national  leaders,  $10  billion  yearly  to  maintain  this 
air  supremacy. 

One  of  America’s  greatest  industries 

"The  air  power  we  must  have  presages  a  vast  new  indus¬ 
try.”  These  are  the  words  of  the  Congressional  Aviation 
Policy  Board.  Aviation  will  again  become  one  of  the  larg¬ 
est  of  U.  S.  industries  —  larger  than  the  giant  automotive 
industry. 

What  this  will  mean  to  your  business 

The  impact  of  $40  billion  of  aviation  spending  will  affect 
every  business  in  this  country.  Your  planning,  beginning 
now,  must  embrace  the  effect  on  your  business  of  the  in¬ 
numerable  product  and  service  requirements  of  aviation. 


Board  expresses  it,  “National  air  power  is  an  entity  not 
fundamentally  divisible  as  a  weapon  or  as  a  carrier.”  Air 
power  is  the  total  aviation  activity— military,  commercial 
and  private.  This  is  the  key  to  your  aviation  sales  job. 

How  Aviation  Weak  serves  your  sales  requirements 

Aviation  Week  was  specifically  designed  to  serve  the  in¬ 
formation  needs  of  all  men  in  the  aviation  business.  Its 
editors  report  every  important  development  in  the  science 
of  aeronautics  and  assess  its  effect  upon  all  activities  with¬ 
in  the  industry.  Its  editors  also  recognize  the  need  for  the 
greatest  possible  speed  in  the  communication  of  aero¬ 
nautical  intelligence. 

Aviation  men  must  get  all  the  news — and  the  mean¬ 
ing  of  the  news — and  they  must  get  it  fast.  Aviation 
W eek  is  the  one  aeronautical  publication  geared  to  match 
the  need  and  the  speed  of  aviation. 

In  the  development  of  your  marketing  plans  to  serve  this 
great  U.  S.  industry,  we  submit  Aviation  Week  as  the  most 
powerful  single  sales  influence  you  could  place  behind  your 
product. 


Th.  .al.,  approach  to  the  Ayiation  Market  McGraw-Hill  Publishing  Co.,  Inc.,  330  West  42nd  St., 

Aviation  is  one  industry,  not  many.  As  the  Congressional  N.Y.  18,  N.Y. 

»  Aviation  Week 
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TUBES  AT  WORK 
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1000, 000, 000 fb 


with  these  BALLANTINE  instruments 


A.C  VOITS 


MODEL  300 
ELEaHONiC 
VOLTMETER 


Two  plys  of  birch  or  poplar  and  on*  of 
mahogany  or*  ghiod  togother  to  form  tho 
cabinot  front.  A  5-kw.  5-mc  WestinghouM 
generator  is  need 


poplar  and  one  ply  of  mahogany  are 
used  to  form  a  three-ply  section. 
The  middle  ply  is  painted  with  glue 
and  the  section  placed  in  the  press. 
Approximately  200  lb  per  square 
inch  pressure  is  applied  to  the  ply 
section  and  the  5-lcw,  5-mc  gener¬ 
ator  is  then  applied  for  a  period  of 
120  seconds. 

After  the  heating  cycle,  the  panel 
is  split  into  quadrants  to  form  four 
cabinet  front  panels.  One  man  ap¬ 
plies  glue,  operates  the  press,  and 
splits  the  panels  and  turns  out  100 
sections  or  400  front  panels  in  an 
eight-hour  day.  Production  can  be 
increased  in  the  future  by  the  addi¬ 
tion  of  a  glue  spreader. 

Inside  Gluing 

After  the  front  panels  are  cut 
by  an  automatic  saw,  stiffening  or 
loudspeaker  boards  and  six  small 
blocks  are  glued  to  the  inside.  This 
is  done  by  a  2-kw,  15-mc  generator. 
This  unit  can  be  used  for  a  second 
heating  operation  while  the  loading 
is  going  on.  The  second  operation 
is  the  gluing  of  two  small  blocks 
and  a  strip  on  the  record  changer 
mounting  board.  These  operations 
respectively  require  30  and  20 
seconds  heating  time  and  20  to  30 
seconds  loading  time.  The  gener¬ 
ator  is  adjusted  so  that  no  change 
is  necessary  when  changing  jigs. 

The  next  operation  is  the  gluing 
of  five  blocks  to  each  side  of  the 
cabinet.  Glue  is  applied  and  the 
blocks  placed  in  various  slots  which 
have  electrodes  on  each  side  so 
that  the  r-f  current  passes  through 


MODEL  270 
DECADE 
AMPLIFIER 


MODEL  402 
MULTIPLIER 


th*  only  VOLTMETER 
footvring  •  •impliftod 
LOGARITHMIC  SCALE 


10  MICROVOLTS  fo  10,000  VOLTS 


ONE  BILLION  TO  ONE— TYiis  enormous  range  of 
AC  voltages  —  is  easily  covered  by  the  Model  300 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
402  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  300 
Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 
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There's  a 
Bag  Full,  of  Savings 
in  Using 


GENERAL 

PLATE 

4 

♦ 

Laminated 

SILVER  CONTACTS 


OOUBLt  INLAY 


The  outstanding  ad> 
vantage  of  using  General  Plate 
Laminated  Silver  Contacts  is 
that  they  give  you  solid 
silver  performance  at  a 

the  solid 

silver.  How — because  these 
contacts  give  you  a  silver 
contact  face  at  the  actual 

point  oj  contact  where  the  precious  metal  performance  is  desired.  In  ad 
dition  to  better  electrical  conductivity  and  economy.  General  Plate 
Laminated  Contacts  have  a  harder  contact  surface  assuring  longer  life.  The 
base  metal  adds  strength  and  workability  and  at  the  same  time  makes  spot 
welding  or  soldering  more  practical. 

General  Plate  Laminated  fabricated  contacts,  buttons,  rivets  and  screw  type  contacts 
are  available  in  many  types  and  styles  ready  for  your  assemblies.  Or  if  you  prefer  to 
fabricate  your  own  parts,  you  can  get  General  Plate  Laminated  Metals  in  sheet  with 
silver  bonded  on  base  metal  in  the  following  stock — overlay,  single  or  double  inlay, 
edgelay,  toplay,  etc. 

Overcome  the  high  cost  of  silver  by  using  General  Plate  Laminated  Contacts  and  Metals.  They’ll 
save  you  many  dollars  and  increase  the  performance  of  your  products.  Write  for  information  and 
engineering  assistance.  ,** 


ilNGLE  INLAY 


GENERAL  PLATE  DIVISION 

of  Motofs  one/  Control*  Corporation 
30«  FORIST  STEI  IT,  ATTLIEOEO,  MASSACHUSITTS 

so  Church  St.,  Now  York,  N.  Y.  •  20S  W.  Wockor  Drivo,  Chicago,  IH. 

7S7  Wo*t  Third  St.,  Mansfloli,  Ohio  •  36  lostorn  Avonuo,  Posodono,  Colli. 
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If  you  need  low  absolute  pressures  in  your  processing, 
Kinney  High  Vacuum  Pumps  will  create  and  maintain 
them  for  you  on  a  production  basis.  These  pumps  meet 
every  requirement  —  both  in  degree  of  vacuum  and  in 
capacity  —  for  exhausting  lamps  and  tubes,  dehydrat¬ 
ing  foods,  producing  drugs,  sintering  alloy  metals  and 
performing  countless  other  low  pressure  operations. 


A  loudspeaker  mount  board  and  seTeral 
small  blocks  are  glued  simultaneously  in 
about  30  seconds  with  this  iig 


the  jjflue  line.  When  the  blocks  are 
in  position,  they  are  pushed  under 
a  press  lowered  by  an  air  cylinder 
that  applies  pressure  to  the  blocks 
during  the  heating  cycle.  A  5-kw, 
15-mc  generator  with  a  time  cycle 
of  about  20  seconds  completes  the 
operation. 

The  fifth  operation  is  heating  the 
glue  lines  of  the  radio  cabinet  top. 
The  two  curved  side  pieces  and  the 
triangular  strengthening  pieces 
plus  the  front  and  back  pieces  are 
glued  on  in  this  case  to  form  a  top 
which  is  free  from  nails  and  is 
always  square.  The  heating  cycle 
for  this  operation  with  a  2-kw  gen¬ 
erator  is  about  45  seconds  and  the 
loading  cycle  is  about  the  same. 

Transfer  Switch 

The  plant  is  laid  out  so  that  the 
parts  flow  from  one  operation  to 
the  next  and  eventually  end  up  at 
the  final  assembly  jigs.  Dual 
presses  are  used  for  the  final 
assembly,  a  transfer  switch  being 
mounted  on  top  of  the  5-kw,  15-mc 
generator.  Two  cabinets  are  heated 
at  the  same  time  in  about  110 
seconds.  During  this  heating  time 
the  operators  are  loading  the 
second  two  jigs  and  as  soon  as  the 
first  heating  cycle  is  completed  the 
power  is  transferred  to  the  second 
set  of  jigs  so  that  the  generator  is 
utilized  about  90  percent  of  the 
time. 

The  cabinet  must  be  kept  square 


MODELS  VSD  AND  DVD 

Eight  pump  sizes  coyer  a  capacity 
range  from  13  m  702  cu.  ft.  per  min. 
with  motors  from  Vi  to  40  ^hp.,  respec¬ 
tively.  The  three  smallest  sizes  are  fur¬ 
nished  water  cooled  or  air  cooled;  all 
larger  sizes  are  furnished  water  cooled. 
Single  Stage  Pumps  on  a  blank  test  will 
produce  absolute  pressure  readings  of 
10  microns  (.01  mm.  Hg.)  or  lower. 


Single  Slog* 
Voewum  Pump 


10  MICBONS^ 


Compound  MODEL  eVD 

Two  sizes  of  Compound  Pumps  are 
available  in  capacities  of  15.2  or  46 
cu.  ft.  per  min.,  with  1  and  3  hp  motors. 

working  mechanism  is  similar  to  the 
Single  Stage  but  the  two  cylinders  are 
connected  in  series.  Air  coo^d  casing 
unique  design  has  special  provision 
for  oil  sealing  and  lubricating  the  working  parts.  Low  absolute 
pressures  to  0.5  micron  (.(XX)5  mm.  Hg.)  are  regularly  maintained. 

Ask  for  Vocuum  Pump  Bulletin  V45, 


0.5  MICRON  ► 


KINNEY  MANUFACTURING  COMPANY 

3565  WASHINGTON  ST.,  BOSTON  30,  MASS. 

Naw  York  *  Chicago  •  Philodalphio  •  Lot  Angelas  •  Son  Froncisco 
FOREIGN  REPRESENTATIVES 

GENERAL  ENGINEERING  CO  (RADCLIFFE)  LTD.,  Station  Works,  Bury  Rood,  Rodcliffa,  Lancashire,  England 
HORROCKS,  ROXBURGH  PTY.,  LTD  ,  Melbourne,  C.  I.  Australia 
W.  $.  THOAAAS  A  TAYLOR  PTY.,  LTD  ,  Johannesburg,  Union  of  South  Africa 


WE  ALSO  MANVFACTtmE  UQOiD  PUMPS,  CLUTCHES  AND  BITUMIIIOUS  MSTIHBIITORS 
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TUBES  AT  WORK  (continnetl) 

with  pressure  applied  from  side  to 
side  and  from  front  to  back.  Two 
cams  plus  an  aircraft  clamp  are 
used  to  accomplish  this.  Two  oper¬ 
ators  or  loaders  and  two  assistants 
who  apply  the  glue  and  assemble 
the  cabinets  can  reach  the  desired 
production  rate,  slightly  over  350 
cabinets  each  day. 

Since  these  jigs  are  made  of 
heavy  material  with  two  sides  and 
the  bottom  square,  the  resulting 
cabinets  must  be  square.  This 
eliminates  one  of  the  greatest  dif¬ 
ficulties  of  .  handmade  cabinets 
where  a  complete  jig  is  not  avail-  |] 
able.  An  improved  method  of 
applying  glue  has  been  devised  for 
small  parts  using  a  small  rubber 


In  the  field  of  electronics  and  the  electrical 


When  animal  glue  and  nails  are 
used  the  cabinets  must  be  stacked 
for  a  period  of  probably  twenty- 
four  hours  before  sanding  and  fin¬ 
ishing  can  be  accomplished.  This, 
of  course,  requires  floor  space  and 
additional  handling,  eliminating 
the  possibilities  of  a  production 
line  type  of  assembly.  Further¬ 
more,  it  requires  a  considerable 
i  outlay  for  clamps,  and  the  possi- 
I  bility  of  nails  alone  not  holding  the 
I  cabinet  tight  enough  during  the 
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MOSm  PAPER  MILLS  COMPANY  •  MOSINEE,  WIS. 


bulb  type  syringe  with  a  small 
plastic  nozzle.  With  this,  glue  can 
be  applied  without  excess  that 
might  cause  arcing  and  lost  time  in 
cleanup. 


m 


goods  industry,  MOSINEE  stands  for  paper -base 
processing  materials  with  scientifically 
controlled  chemical  and  physical  properties,  high 
quality  standards  and  dependable  uniformity . . . 
with  good  dielectric  strength,  high  tensile  or  tear 
strength;  proper  softness  or  stiffness; 
creped  with  controlled  stretch  or  flexibility;  specified 
pH  for  maximum-minimum  acidity  or 
alkalinity;  accurate  caliper,  density,  liquid  repellency 
or  absorbency  ...  or  other  technical 
characteristics  vital  to  your  quality  standards  and 
production  requirements. 


Phonoradio  cabinet  glued  together  with  r-f 
heating  it  free  oi  nails  and  always  square 


Advantages 


JOHNSON  OFFERS 


.  ^  Tfcedf 


TYPE  C  &  D  —  Sturdily 

constructed  to  give  trouble-free 
operation  under  the  n\ost  se¬ 
vere  service,  JOHNSON  Type  C 
and  D  Condensers  cost -less  than 
any  other  quality  condensers. 
Features  include  sturdy  con¬ 
struction,  heavy  aluminum 
plates  .051*  thick.  Steatite  insu- 


TYPE  E  &  F  ““.Rugged  and 
compact,  JOHNSON  Type  E  and 
F  Condensers  for  medium  and 
low  power  transmitters  have 
more  capacity  per  cubic  inch 
and  occupy  less  panel  space  for 
their  rating  than  any  other  con¬ 
denser  on  the  market.  Features 
include  Steatite  insulation,  sta- 


lation  and  center  rotor  contacts 
on  all  dual  models.  Both  front 
and  rear  shaft  extensions  permit 
ganging. 

Available  in  52  different  models, 
single  or  dual  sections,  with 
spacing  varying  from  .175'  to 
.500'  and  maximum  capacities 
from  50  to  1,000  mmfd. 


tor  mounted  above  to  reduce 
capacity  to  ground,  front  and 
rear  shaft  extensions  that  per¬ 
mit  ganging. 

Available  in  45  different  models, 
single  or  dual  sections,  spacing 
.045'  to  .125',  and  maximum 
capacities  from  35  to  500  mmfd. 


HI 


TYPE  6  —  The  JOHNSON 


Type  G  Condenser  is  widely 
used  as  a  neutralizing  condenser 
for  medium  and  low  power 
stages.  It's  equally  famous  for 
its  outstanding  performance  in 
grid  and  plate  tuning  at  high 
and  ultra  high  frequencies. 
Features  include  front  and  rear 


shaft  extensions  and  universal 


mounting  bracket  and  locking 


Available  only  in  single  sections 


with  single  end  plate.  Seven 


models  from  which  to  choose. 


Capacities  from  3.5  to  52  mmfd 
Plate  spacing  from  .045'  to  .225' 


V, 


TYPE  H  —  Combining  mini¬ 
mum  weight  with  small  size, 
JOHNSON  Type  H  Condensers 
are  designed  especially  to  with¬ 
stand  heavy  vibration.  Steatite 
end  plates  prevent  any  possi¬ 
bility  of  “short  circuit  loops’* 
and  permit  panel  mounting 


TYPE  J  —  A  midget  con 
denser  with  big  condenser  char¬ 
acteristics,  Type  J  has  wider 
spacing  than  most  small  types, 
yet  occupies  little  more  space 
It  is  ideal  for  oscillator  and  low 


power  stages.  Universal  type 
mounting  brackets  make  pos 
sible  a  variety  of  mountings  in 


MIDGET  AIR  VARl 


Here  are  three  of 


the  smallest  air  variables  ever 


Available  in 


four  models:  1.55  to  5.14  mmf, 
1.73  *o  8.69  mmf,  2.15  to  14.58 


and  2.6  to  19.7  mmf. 


with  both  rotor  and  stator 
insulated  from  ground.  Alumi¬ 
num  plates  are  .020'  thick. 
End  plates  are  square. 
Available  in  17  different  models, 
single  or  dual  sections,  spacing 
.030'  or  .080',  and  maximum 
capacities  from  25  to  100  mmfd. 


eluding  chassis,  panel  or  in 
side  tube  socket  type  inductors. 
Steatite  end  plate. 


Available  only  in  single  sections 


with'single  end  plate.  Six  differ 


ent  models  with  maximum  ca 


pacities  from  7  to  102  mmfd. 


Plate  spacing  is  .025 


DIFFERENTIAL  TYPE 


able  in  four  models:  1.84  to  5.58 


mmf,  1.98  to  9.30  mmf,  2.32  to 
14.82  mmf  and  2.67  to  19.30 mmf. 


BUTTERFLY  TYPE  —  Available 


in  four  models :  1 .72  to  3.30  mmf. 


2.10  to  5.27  mmf,  2.72  to  8. 
mmf,  and  3.20  to  11.02  mmf. 


rV' 


TYPE  N  —  When  space  is 
limited,  yet  you  need  extremely 
high  voltage  rating,  fine  adjust¬ 
ment  with  uniform  voltage 


breakdown  rating  throughout 
the  full  capacity  range,  the 
JOHNSON  Type  N  Neutralizing 
Condenser  is  the  perfect  answer. 


JOHNSON 


Available  in  three  different 


models.  Capacity  range  in  each 


type  is  approx.  1.5  mmfd.  to 


10.5  mmfd.,  peak  RF  breakdown 


ratings  at  2  MC  ranges  from 


8,500  with  the  N125  to  14,500 


for  the  N375. 


UA  Ck 


JOHNSON  CO. 


WASCCA,  MINNESOTA 
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COMPLETELY  self-contained,  portable  and 
always  set-up  for  immediate  use,  this  imped- 


U  always  set-up  for  immediate  use,  this  imped¬ 
ance  bridge  is  indispensable  in  any  laboratory 
where  electrical  equipment  is  used.  No  hastily 
putting  together  a  circuit,  finding  an  oscillator 
and  a  detector  and  then  a  power  supply  . . .  they 
are  all  here  permanently  assembled  in  an  accu¬ 
rate  instrument  .  .  .  always  ready  to  use  at  any 
time. 


Over  the  major  portion  of  its  ranges  this 


TO  MEASURE 

E  RESISTANCE 
►  INDUCTANCE 
R  CAPACITANCE  i 
R  STORAGE  FACTOR 
R  DISSIPATION  FACTOR 

'N. 

ANY  LABORATORY 


90  West  SI.,  New  York  6 


GENERAL  RADIO  COMPANY 


920  S.  MichiK:4n  Av,-.,  Chicago  S 


950  N.  Highland  Ave.,  Los  Angeles  38 
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WORK 


Various  parts  oi  ths  cobinst  aro  assomblod 
into  one  unit  in  two  minutes  at  this  station 
senred  a  5-kw.  5-mc  generator 


FISCHER  A  PORTER’S  Sanitary  Dairy 
Flowrater  measures  and  controls  the  flow  of 
liquid  food  products  such  as  milk,  cream, 
vegetable  oils,  vinegar,  egg  mixes,  coffee  ex¬ 
tract,  tomato  juice  and  various  carbonated 
beverages.  Cannon  Electric  Type  "W”  (shown 
below)  connects  the  indicator-recorder  with 
the  Flowrater. 


THE  HARVEY-WELLS  Decade  Units  are  cre¬ 
ated  to  save  time  and  expense  <n  the  labora¬ 
tory,  school  or  workshop  on  DC  or  low  fre¬ 
quency  AC  electrical  circuits,  and  are  new 
and  unique  in  both  design  and  application. 
They  use  the  Cannon  Electric  Laboratory 
and  Switchboard  flitissgs  shown  below. 


glue  setting  period  is  always 
present. 

The  production  line  layout  with 
radio-frequency  heating  saves 
handling  and  consequently  gives  a 
better  product  at  lower  cost.  The 
fact  that  a  man  cannot  apply  a 
great  deal  of  pressure  when  nailing 
a  cabinet,  unless  it  is  in  a  jig, 
means  that  the  parts  have  to  be 
much  more  accurate  when  hand 
assembly  and  nails  are  used.  How¬ 
ever,  the  final  assembly  is  arranged 
so  that  it  draws  up  the  material 
and  takes  up  a  great  deal  of  mis¬ 
alignment  which  could  only  be 
tolerated  under  these  conditions. 
Therefore,  the  labor  required  in  the 
cutting  operations  need  not  be 
quite  as  highly  skilled,  nor  the 
machines  as  accurate. 


TYPE  "W"  WATERPROOF  CONNEa* 

ORS  are  made  of  bar  brass  (one  size 
diecast) ,  and  bright  nickel  finish  in  3 
standard  “AN”  sizes  with  50  inserts. 
Tested  to  withstand  underwater  pres¬ 
sures  of  250  lb.  or  550  ft.  Write  for 
special  Bulletin  W-146. 


LABORATORY  AND  SWITOIBOARD 
CONNECTORS  are  of  high  quality, 
rugged  and  standard  design,  available 
in  30-amp  and  60-amp  types  with  sin¬ 
gle,  double  and  4  contact  models.  The 
2  and  4  contact  types  are  used  for 
switching  purposes.  Write  for  the  Lab 
and  Switchboard  Bulletin. 


Carrier  Shift  Check  Meter 

By  J.  W.  Whitehead 

Central  High  School 
Leeds,  Yorkshire,  England 

During  the  second  World  War  a 
requirement  arose  for  a  simple  and 
convenient  means  of  checking  the 
setting  up  of  a  transmitter  working 
on  a  carrier-shift  teleprinter  cir¬ 
cuit.  Continuous  indication  of 
shift  was  not  required.  The  method 
adopted  is  to  set  a  stable  oscillator 
to  the  transmitter  space  frequency. 
The  beat  frequency  obtained  be¬ 
tween  this  oscillator  and  the  trans¬ 
mitter  when  on  its  mark  frequency 
is  then  equal  to  the  carrier  shift, 
and  by  comparing  the  note  thus 
produced  with  that  generated  by  a 
stable  audio  frequency  oscillator 
set  to  the  required  frequency,  an 


The  new  C-47  edition,  latest  general 
condensed  catalog,  covers  the  thir¬ 
teen  major  type  series,  specialties  and 
certain  miscellaneous  items.  Prices 
are  listed  on  most  lines  with  the  ex¬ 
ception  of  the  “AN,”  “K,”  "DPD”  and 
“DPB.”  Address  Dept.  F-120  for  a 
copy. 


SINCE  191S 


WORLD  EXPORT  (•xcapting  BritUh  Empir«)i 
FRAZAR  &  HANSEN,  301  CLAY  STREET 
SAN  FRANCISCO  11,  CALIFORNIA 


IN  CANADA  A  BRITISH  EMPIRE i 

CANNON  ELECTRIC  COMPANY.  LTD. 
TORONTO  13.  ONTARIO 
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For  every  radio  receiver,  there’s  a  Ward  Aerial  which 
gets  more  stations,  gets  them  clearer  and  more  de< 
pendably.  You’d  naturally  expect  that  from  Ward, 
the  world’s  leading  mass  producer  of  radio  aerials 
exclusively.  But,  large  as  Ward  is,  this  organization 


always  has  believed  that  resting  on  your  laurels  invites 


t 


rust.  Especially  so  in  the  fast  changing  FM  and  tele¬ 
vision  helds.  Accordingly,  the  Ward  experimental 
laboratory  constantly  is  probing  the  electronic  hori¬ 
zon  with  the  fervor  of  the  true  scientist.  Many  aerial 
developments  still  to  be  unveiled  would,  if  revealed 
today,  cause  many  a  raised  eyebrow.  Tomorrow, 


il. 


UIRRD 

RERiRLS 


these  new  developments  will  mean  finer  performance 
at  lower  cost  for  the  radios  you  build  or  install.  This 
same  technical  know-how  is  available  to  design  and 
mass  produce  custom-designed  aerials  for  anyone 
needing  them  in  quantity.  If  you  have  an  aerial  prob¬ 
lem,  bring  it  to  Ward.  Your  inquiries  are  invited. 

THE  WARD  PRODUCTS  CORPORATION 

1S30  EAST  45th  ST.  CLEVELAND  3,  OHIO 

DIVISION  OF  THE  GABRIEL  CO. 

Expert  C.  W.  Browdxs,  RRonagar,  4900  Euclid  Avanu*.  Clavaland  3,  OM* 

In  C ■nodal  Atlat  Radio  Car^.,  560  Kin9  Straat,  W.,  Toronto  1,  Ontario,  Canada 


AS  NATIONALLY  ADVERTISED  IN  THE  S  A  T  U  R  D  A  Y  E  V  E  N  I  N  G  POST,  COLLIERS  AND  THE  AMERICAN  WEEKLY 
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TUBES  AT  WORK 


there  is  big  news  in 
these  small  packages 

Subminiature  vacuum  tubas  which  provide  an 
expanding  horizon  for  the  development  of  many 
new  and  unique  electronic  circuit  requirements. 


Constructed  in  this  fashion,  the  carrier  shift 
check  meter  fits  under  a  BC-221  frequency 
meter 


indication  of  the  error  in  the  trans¬ 
mitter  shift  tuning  is  obtained  and 
can  be  corrected. 

The  circuit  layout  is  shown  sche¬ 
matically  in  Fig.  1.  It  contains 
three  main  items — a  stable  r-f 
oscillator,  a  stable  a-f  oscillator, 
and  the  comparison  unit  or  mixer. 

A  useful,  but  not  essential, 
source  of  r-f  is  an  oscillating  wave- 
meter  which  is  provided  with  a 
crystal  check,  such  as  the  U.  S. 
Army  frequency  meter  type  BC- 
221.  By  using  this  meter  as  a 
basis  of  the  scheme,  it  is  possible 
to  provide,  at  the  same  time,  a  con¬ 
venient  check  on  the  transmitter 
carrier  frequency. 

For  the  a-f  generator,  a  cathode- 
tap  oscillator  was  found  to  be  a 
convenient  form,  using  as  a  reso¬ 
nant  circuit  a  fixed  capacitor  and 
one  winding  of  a  transformer.  Out¬ 
put  is  taken  from  a  second  winding 
on  the  transformer  and  fed  to  the 
mixer  unit.  An  attempt  made  to 
carry  out  the  final  adjustment  by 
means  of  d-c  through  a  third  wind¬ 
ing  was  unsuccessful,  and  units  are 
individually  tuned  by  strapping 
further  capacitors  across  the  tuned 
winding. 

The  output  from  the  audio  oscil- 


VX-21 

DIODE 


VX-4IA 

ELECTROMETER 

TETRODE 


VX-32B 

TRIODE 


Actual  sizes 


VX-41 A  ELECTROMETER-TETRODE 

1 0  ma.  filament  current  at  1 .25  volts 
1.5  to  1.1.  filament  voltage 
10*’®  amperes  grid  current 
2,000  hours  minimum  life  test 
1 3  amplification  factor 

VX.32B  TRIODE 

1 0  ma.  filament  current  at  1 .25  volts 
1.5  to  1.1  filament  voltage 
10*’®  amperes  grid  current 
25,000  ohms  plate  resistance 
65  micro  mhos  transconductance 


VX.21  DIODE 

1 0  ma.  filament  current  at  1 .25  volts 
1.5  to  1.1  filament  voltage 
3,000  volts  inverse  peak 
10’^  ohms  insulation  resistance 
600  microampere  emission 


^MARK 

TRANSMITTER 


Data  sheets  on  subminiafure  tubes,  hi-megohm  resistors,  and  our  com¬ 
plete  line  of  radiation  measuring  instruments  available  on  request. 


SHIFT 


SPACE 


SHIFT 


Department  A 

THE  VICTOREEN  INSTRUMENT  CO 

5806  HOUGH  AVE.,  CLEVELAND  3,  OHIO 


MIXER 


FIG.  1 — Eisential  itaq#!  of  a  syBlem  lor 
checking  carrier  ehilt 
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(and  how  to  avoid  it) 


To  GET  negligible  temperature  drift  in  your  I-F  trans¬ 
formers,  the  electrical  characteristics  of  the  cores 
have  to  be  virtually  constant  throughout  the  entire 
use-range  of  temperature. 

But  a  core  can  be  no  more  constant— can  have  no 
greater  temperature  stability— ihun  the  powder  it’s  made 
of.  That’s  why  it’s  important  to  have  cores  made  of 
G.  A.  &  F.  Carbonyl  Iron  Powders. 

These  powders,  made  by  G.  A.  &  F.’s  exclusive,  pat¬ 
ented  carbonyl  process,  have  a  unique  degree  of  tem¬ 
perature  stability,  and  in  direct  comparison  tests  proved 
themselves  superior  to  all  other  magnetic  powders. 


Iron  Powders  are  generally  superior  in  coefficients  of 
eddy  current  loss  and  residual  loss.  These  low  losses 
usually  make  for  high  Q. 

2.  G.  A.  &  F.  Carbonyl  Iron  Powders  are  also  superior 
in  coefficients  of  magnetic  and  temperature  stability. 

3.  In  comparison  with  air-cored  coils,  G.  A.  &  F.  Car¬ 
bonyl  Iron  Powder-cored  coils  permit  considerable 
savings  in  volume,  weight,  and  wire-length,  along  with 
great  increases  in  inductance  and  Q. 

Ask  your  core  manufacturer  for  information  about  C.A.&F. 
Carbonyl  Iron  Powders.  Or  write  direct  to:  Antara  Prod¬ 
ucts,  444  Madison  Avenue,  New  York  22,  N.  Y.  Dept.  62. 


G.  A.  &  F.  Carbonyl  Iron  Powdors 
'  for  high  frequency  cores  offer  these  advantages 
to  the  electronics  Industry: 


1.  When  used  at  radio  frequency,  G.  A.  &  F.  Carbonyl 


PERMEABILITY  CHANGE  DUE  TO  TEMPERATURE 

(For  uncompensated  toroid  of  G.  A.  &  F.  (Carbonyl  Iron  Powders) 


These  unique  properties  tell  why 
G.  A.  &  F.  Carbonyl  Iron  Powders  are  sup« 


PROPERTY 


ADVANTAGE 


^«phericAl  stnicture 

Concentrir  Ahrll  stnirmre 
(tome  typet  only) 

Hif(h  iron  content 

.\btence  of  non-ferrous  metals 

Relative  abtence  of  internal  stress ; 
regular  crystal  structure 
Spheres  of  small  size 

Variations  of  sphere  size 


Pacilitates  insulation  and 
compacting 

Low  eddy  current  lostea 

Lzceptional  permeability  and 

compressibility 

Absence  of  corresponding 

disturbing  influences 

I.,ow  hysteresis  lots 

Low  eddy  current  lotset;  usable 
for  high  frequencies 
Extremely  close  packing 


G.A.&  F.  CARBONYL 
IRON  POWDERS 


{NOTE:  Applicable  to  grades  E,  TH,  and  SF) 


An  Antara  f’  Product  of  General  Aniline  &  Film  Corporation 
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TUBES  AT  WORK 


(continiMd) 


TELEVISION  \ 
POWER  TRANS-  ^ 
FORMERS 

DEFLECTION 

COILS 

VERTICAL  OUTPUT 
TRANSFORMERS 


■k  HORIZONTAL  BLOCK-  \ 


ING  OSCILLATOR 
TRANSFORMERS 

VERTICAL  BLOCKING 
OSCILLATOR  TRANS¬ 
FORMERS 


Available  Now! 

N.Y.T.  facilities  are  now  expanded  to 
supply  all  types  of  inductive  television 
components  in  quantity.  Estimates  will 
\  be  supplied  promptly  on  standard  units 
^  or  types  wound  to  your  exact  specifica- 
\  tion.  In  addition  to  television  compo¬ 
nents,  N.Y.T.  offers  complete  manufac¬ 
turing  service  on  power  transformers, 
chokes,  and  audio  transforniers.  Mod- 
^  ern  plant  and  winding  equipment  as- 
\  sures  finest  quality  at  low  cost.  Call  or 
write  today  for  information. 


\ 


IN  ANY  QUANTITY! 


w 


DO« 

Vp'' 

Jr 

FIG.  2 — ^Audio  oscillator  and  mixer  circuit. 
The  center  position  of  switch  S,  is  the  nor¬ 
mal  position 

lator  is  taken  to  the  grid-filament 
circuit  of  the  mixer  tube,  the 
cathode  circuit  of  which  is  fed  with 
the  audio  output  from  the  oscillat¬ 
ing  frequency  meter.  This  latter 
tone  is  generated  by  heterodyne 
action  within  the  meter  between 
the  space  frequency  produced  by. 
the  meter  and  the  carrier  shift 
transmitter  on  its  mark  frequency. 
The  audio  signal  resulting  in  the 
plate  circuit  of  the  mixer  is  applied 
to  phones,  and  the  beats  heard 
allow  accurate  setting  of  the  trans¬ 
mitter  mark  frequency. 

Mixer 

For  simplicity  of  construction  it 
was  considered  desirable  to  use  one 
tube  for  the  two  necessary  circuits, 
and  the  double  triode  6C8G  was 
selected.  Each  section  of  this  tube 
has  its  separate  cathode,  a  fact 
which  allows  virtually  complete  iso¬ 
lation  of  the  two  circuits,  thus 
making  for  enhanced  frequency 
stability  of  the  oscillator. 

Referring  to  Fig.  2,  the  winding 
of  transformer  between  terminal 
4  and  earth  is  tuned  by  means  of 
fixed  capacitors  at  Cj,  strapped 
across  it  to  produce  the  desired 
frequency.  The  precise  values  of 
these  capacitors  varies  from  unit 
to  unit,  and  each  must  therefore  be 
individually  tuned.  The  scope  of 
the  instrument  may  be  increased 
by  providing  switch  S,  to  bring  in 
further  capacitors  C,  in  parallel 
with  the  first  bank  to  secure  a 
second  audio  frequency.  (The  two 
frequencies  in  use  were  850  and 
720  cps  respectively).  Terminal  3 
on  r,  is  a  tap  on  the  tuned  winding 
taken  directly  to  the  cathode  of 
and  terminal  4  connects  with  the 
grid  of  this  tube  via  a  parallel  r-c 
combination. 

Output  from  the  a-f  oscillator  is 
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Tb»  Acme  So.  3  Steelstrapper  uses  23  Waldes  Truarc  Retaining 
Rings  to  position  and  bold  shafts  against  frequent  beary  pressure. 


Truarc  simplifies  assembly  and  disassembly. 
Tiuarc  rings  are  precision  engineered,  may  be 
used  over  and  over  again,  remain  always  circu¬ 
lar  to  give  a  never-failing  grip.  Wherever  you 
use  machined  shoulders,  nuts,  bolts,  snap  rings, 
cotter  pins— there's  a  Truarc  ring  that  does  a 
better  job  of  holding  parts  together.  Truarc  cuts 
costs,  adds  sales  advantages.  Waldes  Truarc 
engineers  will  be  glad  to  show  how  Truarc  can 
help  you.  Send  us  your  problem. 


"The  use  of  Trviarc  Retaining  Rings  permits 
centerless  grinding  of  pins  instead  of  plunge¬ 
grinding.  This  eliminates  the  problem  of  taper 
and  reduces  the  required  tensional  tolerances  of 
these  parts."  reports  Acme  Steel  Company  of 
Chicago.  "Furthermore,  use  of  Truarc  rings  gives 
the  Steelstrapper  smoother  lines  by  eliminating 
unsightly  projections.  This  results  in  a  more 
streamlined  housing,  a  definite  sales  advantage." 

Making  repairs  is  much  easier  t6o.  because 


•  Smtd  for  new  Truarc  booklet, 

"New  Development  In  Retaining  Rings' 


WaldM  Kohinoor,  Inc.,  47-10  Aaital  Plac*  ll-Y 

Long  Island  Citr  1,  N.  Y. 

Plaasa  sand  booklet,  "New  DaYelopmant  In  Rataining 
Rings"  to  I 


Naaa. 


RETAINING  RINGS 

WALDES  KOHINOOR,  INC.,  LONG  ISLAND  CITY  1.  NEW  YORK 


Bnsineu  Addrei 


.one. 
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MACALLEN  MICA 


ALL  FORMS,  ALL  QUANTITIES  —  ALL  DEPENDABLE 


TUBIS  AT  WORK  (eontiniied) 

taken  from  T,  and  applied  to  the 
other  section  of  the  6C8G,  V,.  The 
audio  output  from  the  frequency 
meter  is  applied  across  the  cathode 
resistor  via  the  capacitance.  Across 
the  plate  load,  therefore,  ap¬ 
pears  the  beat  note  resulting  from 
the  superposition  of  the  two 
audio  frequencies,  and  it  is  repro¬ 
duced  in  the  phones  which  are 
plugged  in  at  Ju 

U  was  found  convenient  to  tune 
the  frequency  meter  to  zero  beat 
on  space  without  switching  off  the 
a-f  oscillator,  and  for  this  purpose 
a  second  jack  J,  is  provided.  This 
jack  is  connected  across  the  audio 
input  from  the  frequency  meter, 
and  has  an  additional  contact  which 
is  arranged  to  short  the  grid  of  the 
audio  oscillator  to  ground  when  the 
jack  is  in  use,  thus  stopping  that 
tube  from  oscillating  and  avoiding 
the  complication  of  having  a  con¬ 
tinuous  additional  note  in  the 
phones  while  tuning  to  zero  beat. 

It  may  be  possible  for  an  inex¬ 
perienced  operator  to  obtain  an 
apparent  tuning  point  when  the 
two  tones  are  harmonically  related. 
A  three-position  nonlocking  key  is 
therefore  provided  to  enable  the 
two  tones  to  be  heard  independ¬ 
ently,  thus  ensuring  that  they  are 
of  exactly  the  same  frequency. 

The  original  prototype  was  cali¬ 
brated  against  a  standard  tone  gen¬ 
erator  to  an  accuracy  of  rt  1  cycle, 
and  this  was  used  as  a  standard 
against  which  further  models  were 
checked.  During  a  long  period  of 
use  the  stability  of  all  the  models 
has  been  good  and  the  results  have 
been  eminently  satisfactory. 

The  particular  model  illustrated 
in  the  photographs  was  designed  to 
fit  beneath  frequency  meters  of  the 
U.  S.  Army  type  BC-221.  This  ac¬ 
counts  for  its  somewhat  unusual 
shape. 


HE  is  in  that  shell  and  eventually  he  is  going 
to  hatch  out,  grow  up  and  be  a  bird.  What  kind, 
we  don't  know,  because  we  don’t  know  any¬ 
thing  about  his  papa  and  mamma. 

A  lot  of  new  things  are  in  the  shell  right  now, 
on  the  verge  of  hatching.  Many  of  them  are 
electrical,  requiring  various  kinds  of  insulation  — 
in  fact,  because  of  insulation,  right  or  wrong,  they 
are  going  to  grow  up  into  real  big  birds,  or,  they 
are  going  to  die  of  the  "pip”  before  they  get 
their  feathers. 

We  said  "because  of  insulation”  —  and  that 
is  what  we  meant.  Of  all  the  items  in  the  assembly, 
insulation  probably  represents  the  least  cost 
and  is  of  the  most  vital  importance. 

Mica  is  insulation.  Mica  with  the  right  name  in 
front  of  it  is  Mica  at  its  best  —  MACALLEN 
MICA. 

Whatever  goes  into  the  shell  (or  into  the  prod¬ 
uct  )  is  going  to  come  out  true  to  kind.  These  new 
electrical  devices  you  are  hatching  are  not  going 
to  be  a  bit  better  than  their  insulation. 


Radiation  indicators  are  used  by 
Australian  Customs  authorities  to 
detect  thorium  in  bags  of  mineral¬ 
bearing  sand  exported  from  the 
east  coast  of  Australia.  The  tho¬ 
rium  occurs  in  monazite  sands,  and 
exports  of  mineral  sands  contain¬ 
ing  more  than  a  certain  proportion 
of  monazite  are  banned  by  the  Com¬ 
monwealth  Government. 


when  you  think  of  MICA,  think  of  MACALLEN 


•  16  MACALLEN  ST.,  BOSTON  27,  MASS. 


CHICAGO:  565  W.  WASHINGTON  BLVD.  •  CtCVCMNOi  >23  I  SUPCR>OR  AVI. 
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The  model  illustrated  (VH-200)  operates  on  one  Crystal 
Controlled  frequency  (plus  one  closely  spaced  frequency) 
anywhere  in  the  range  118-132  Mcs.  or  132-165  Mcs., 

A-2  (with  accessory  unit)  or  A-3  AM.  Nominal  carrier 
power  200  watts  up  to  132  Mcs.,  reduced  power  im  to 
165  Mcs.  Low  temperature  operation  using  gas  filled 
rectifiers.  Normal  temperature  operation  using  mercury 
vapor  rectifiers.  Relative  humidity  up  to  95%.  Model 
VH-50  has  similar  characteristics  except  nominal  carrier 
power  is  50  watts.  Complete  technical  data  on  both 
models  on  request.  Aerocom  builds  other  radiotelegraph 
and  telephone  transmitters  with  accessories,  and  invites 
your  inquiry  if  you  have  a  communications  problem. 

CONSULTANTS.  DESIGNERS  AND  MANUFACTURERS  OF  STANDARD  OR  SPECIAL 
ELECTRONIC.  METEOROLOGICAL  AND  COMMUNICATIONS  EQUIPMENT 


Aejionautical  Communications  Equipment.  Inc. 

3090  Oouglas  Road.  Miami  33.  Florida 


DEALERS:  Equipoletro  Ltdo.,  Caixo  Poatal  1925,  Rio  do  Jonoiro, 

Brasil  A  Henry  Neuman  Jr.,  Apartado  Aireo  138,  Borranquillo,  Colombia 


to + 45°  C 


Aerocom's  new  V.H.  frequency  AM  radiotelephone  transmitter  is  designed 


and  built  to  operate  amid  ice  and  snow  or  steaming  jungles,  and  whaf  s 


more,  this  fine  transmitter  will  give  long  trouble  free  efficient 


service  with  low  maintenance  and  operating  costs.  Built  in  two 


models  VH-200  and  VH-50  to  meet  your  communications  needs. 


Model  VH-200 


I 


I 


ELECTRONICS  — June,  1948 


169 


per  mmu 

-when  a  cast  is  executed.  These  gears  musl 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  reiideriog  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 


direction— strength  and  durability  in  the  other. 


Instruments  and  mtichines  have  individual  gear 


problems.  For  over  a  quarter  of  a  century,  Quaker 


City  Gear  Works  has  solved  thousands  of  them 


and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  arc  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of  Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 

iDnaker  City  Gear  Works 

llF  INCORPOIATED 

1910  N.  Front  Street,  Philadelphia  22,  Pa. 


of  the  waveshape  of  the  input  pe¬ 
riodic  wave  (A)  is  stored  in  the 
modulated  pulses  (B).  Because  of 
the  periodicity  of  the  wave,  the 
pulses  in  group  T,  are  identical  to 
those  in  group  T,.  Only  one  group 
need  be  transmitted  without  reduc¬ 
ing  the  information  that  will  be 
conveyed  (to  a  receiver  adjusted  to 
the  system).  Alternate  pul.se 
groups  are  therefore  omitted  (C) 
and  the  remaining  pulses  rear¬ 
ranged  to  occupy  the  entire  time 
scale  (D).  Demodulation  of  these 
rearranged  pulses  gives  the  elon¬ 
gated  wave  (E).  The  bandwidth 
occupied  by  this  wave  (E)  is  half 
that  occupied  by  the  original  one 
(A). 

The  system,  comprising  an  ar¬ 
rangement  of  relatively  common 
circuits,  that  accomplishes  this 
novel  result  is  shown  in  Fig.  2. 
Pulse  position  modulation  is  used 
to  store  information  of  the  incom¬ 
ing  wave.  The  repetition  rate  of 
the  pulses  is  10,0()0-cps  so  the  sys¬ 
tem  is  capable  of  faithfully  trans¬ 
mitting  frequencies  up  to  3,500-cps. 

A  square  wave  of  half  the  fre¬ 
quency  of  the  input  wave  is  ob¬ 
tained  by  a  divider.  This  square 
wave  gates  the  pulse-selecting  cir¬ 
cuit  for  passing  pulses  of  alternate 
cycles  of  the  signal  wave,  giving  an 
intermediate  signal  of  the  general 
form  shown  in  Fig.  1C. 

A  number  of  delay  circuits  are 
used  to  convert  the  pulses  to  the 
expanded  time  scale.  The  first  de¬ 
lay  circuit  delays  its  pulse  for  150 
microseconds,  the  second  circuit 
delays  its  pulse  for  250  microsec- 


THE  ksCTRON  ART 

(continued  from  p  130) 


FIG.  1 — ^Bosic  ware-expanding  technique 
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asphalt 

MtO«OC*«»»*“ 

..■StAL  CO»«* 


VfAXti 


AdK«tiOn 


Sotiftfoctery 


A  PARTIAL  LIST  OF  M-R  PRODUCTS:  FIBERGIAS  VARNISHED  TUBING.  TAPE  AND  CLOTH  •  INSULATING  PAPERS 
AND  TWINES  •  CABLE  FILING  AND  POTHEAD  COMPOUNDS  •  FRICTION  TAPE  AND  SPLICE  •  TRANSFORMER  COM¬ 
POUNDS  •  FIBERGLAS  saturated  SLEEVING  •  ASBESTOS  SLEEVING  AND  TAPE  •  VARNISHED  CAMBRIC  CLOTH  AND 
TAPE  •  MICA  PLATE,  TAPE.  PAPER,  CLOTH,  TUBING  •  FIBERGLAS  BRAIDED  SIEEVING  •  COTTON  TAPES,  WEBBINGS  AND 
SLEEVINGS  •  IMPREGNATED  VARNISH  TUBING  •  INSULATED  VARNISHES  OF  ALL  TYPES  •  EXTRUDED  PLASTIC  TUBING 


1366EX 


Th«  formula  of  1366EX  CA- 
PACITOR  END  SEAL  it  typical 
of  the  detailed  data  published 
in  this  important  reference 
book.  1366EX  has  unusual 
characteristics  and  is  one  of 
the  latest  developed  by  Mitch* 
eli-Rand.  It  embodies  the  ad* 
vantageous  combination  of 
high  cold  flow  temperature 
with  low  viscosity,  also  good 
impact  strength  and  good  ad* 
hesion  to  cardboard  are  inher* 
ent  and  desirable  qualities. 


YOURS  FOR  THE  ASKING  is  this  compound  data  book. 
The  latest  work  of  its  kind,  it  is  a  comprehensive  manual 
containing  all  the  data,  facts  and  figures,  physical  char* 
acteristics,  test  methods,  active  formulas  and  general  ap¬ 
plications  for  Mitchell-Rand’s  extensive  line  of  Compounds, 
Waxes,  etc.  It's  free  upon  written  request. 


Mitchell-Rand,  headquarters  for  electrical  insulations,  has 
developed  more  than  3500  compound  and  wax  formulae 
. . .  there  is  one  to  fit  every  known  require¬ 
ment  . . .  and  when  special  conditions  arise 
Mitchell-Rand  will  meet  the  challenge  to 
develop  the  Wax  or  Compound  formula 
to  meet  the  particular  requirement. 
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HARDWICK,  HINDLE 

Resistors 


By  maintaining  even  more  rigid  standards  than  ever 
before  in  our  manufacturing  and  inspection  we  offer 
you  exceptional  resistors— exceptional  in  their  rugged  and 
dependable  performance  and  long  life. 

We  show  here  3  of  our  standard  types— a  fixed;  an  ad¬ 
justable;  and  our  flat  type  Blue  Ribbon— the  first  resistor 
made  to  depart  from  the  conventional  tubular  form. 

As  one  of  the  oldest  manufacturers  of  resistors  and  rheo¬ 
stats  we  offer  exclusive  advantages  in  many  types;  and  an 
engineering  service  that  is  always  at  your  call.  Write  us 
today. 


HARDWICK,  HINDLE,  INC 

Rheostats  and  Resistors 

Subsidiary  of 

THE  NATIONAL  LOCK  WASHER  COMPANY 

NEWARK  5.  N.  J.  Establlshtd  1886  U.  S.  A. 


THE  ELECTRON  ART  (continued' 

onds,  and  so  on.  Bridge  circuits 
provide  a  means  to  gate  the  proper 
pulses  into  the  delay  circuits.  The 
outputs  from  the  delay  circuits  art 
fed  to  a  mixer  to  obtain  the  pulse 
group  corresponding  to  Fig.  ID. 
After  delay,  the  pulses  have  norma! 
(unmodulated)  separations  of  200 
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FIG.  2 — Experimental  wore  expander 
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RICOBD  CHANC(RS  ♦  MUSIC  SYSTfMS 


•cccnfric. 


I SOO  N.  Daytan  St.,  Ckkog*  22 
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FEATURES: 


Synthronifd  two-post  con- 
struction  permits  easy  sotting 
tor  automatic  play  ot  oithor 
10  or  12-incli  records. 
Lightweight  tone  arm  and 
minimum  needle  pressure  ter 
longer  record  life. 

Automatic  siiut-ott  otter  last 
record  Is  played. 

Dual  trip— closed  circle  and 


shut-off  .  .  .  lightweight  tone  arm  .  .  . 
four-position  control  for  automatic  play, 
manual  play,  record  rejection. 

Plan  now  to  give  your  modern  instru¬ 
ments  every  possible  sales  advantage  by 
equipping  them  with  the  new  Seeburg 
Model  “R.”  Seeburg’s  broad  experience 
in  the  development  and  manufacture  of 
changing  mechanisms  of  ail  kinds  is 
your  assurance  of  satisfaction. 


Recessed  turntable. 

Compact  —  overall  site  only 
13 'A  X  1 3 'A  Inches. 
Changer  motor  assures  con¬ 
stant  turntable  speed. 
Automatically  plays  twelve 
10-inch  or  ten  12-inch  rec¬ 
ords — may  also  be  set  for 
manual  play. 

Top  section  of  spindle  ro¬ 
tates  Independently— elimi¬ 
nates  objectionable  noise— 
minImixes  spindle  hole  woar. 


Build  added  appeal  into  your  radio-pho¬ 
nograph  combinations  with  the  Model 
“R”  —  Seeburg’s  new  record  changer. 

Combining  compactness  with  quality 
.  .  .  style  with  performance— the  Model 
“R”  offers  every  convenience  essential  to 
the  modern  console  instrument.  Beyond 
dependable,  quiet  operation,  this  new 
mechanism  possesses  such  important 
convenience  features  as  the  automatic 


SEEBURG 

MODEL 


A  QUALITY  CHANGER 
FOR  USE  WITH  YOUR 
FINEST  INSTRUMENTS 


NEW  I 


(continued) 
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microseconds  instead  of  the  initial 
100  microseconds.  The  modulation 
displacements  of  the  individual 
pulses  are  unaffected. 

Because  the  number  of  pulses  in 
each  group  may  differ  from  the 
norm  by  ±1,  the  time  interval  be¬ 
tween  each  delayed  pulse  group 
may  be  200  100  microseconds, 

and  a  special  method  of  demodula¬ 
tion  is  required.  The  position-mod- 
uldted  pulses  are  converted  to 
amplitude-modulated  pulses  by  su¬ 
perimposing  them  on  a  10,000-cps 
triangular  wave.  A  capacitor  charg¬ 
ing  circuit  is  used  to  gate  and  hold 
a  charge  corresponding  to  the  am¬ 
plitude  of  each  pulse.  Two  charg¬ 
ing  circuits  are  used  to  avoid  the 
gap  created  by  discharging  the  ca¬ 
pacitor.  Switching  actions  of  the 
charging  circuits  are  actuated  by 
two  cathode  followers  controlled  by 
a  counter.  Each  incoming  pulse 
trips  the  counter,  which  routes  it 
to  one  capacitor  and  discharges  the 
other.  The  expanded  wave  is  ob¬ 
tained  from  the  output  of  a  low- 
pass  filter. 

Special  Circuit  Techniques 

Because  most  of  the  circuit  ele¬ 
ments  are  conventional,  it  is  unnec¬ 
essary  to  describe  their  details. 
However,  some  of  the  design  and 
adjustment  techniques  that  are  pe¬ 
culiar  to  this  particular  application 
should  be  mentioned. 

In  the  pulse  modulator,  which  is 
essentially  a  one-shot  multi-vibra¬ 
tor  tripped  by  the  negative  pulse 
from  a  10,000-cps  source,  the  posi¬ 
tion  of  the  tail  edge  of  the  pulse  is 
position-modulated  by  the  incom¬ 
ing  signal,  giving  a  rtS-microsec- 
ond  displacement  for  a  i±:2-volt 
input  signal.  A  differentiating  cir¬ 
cuit  and  shaper  circuit  transform 
the  modulated  edge  into  the  lead¬ 
ing  edge  of  a  pulse.  Push-pull  out¬ 
put  for  the  bridges  of  the  delay 
circuits  is  obtained  from  a  pulse 
transformer  that  delivers  a  5- 
microsecond  pulse  with  a  peak  am¬ 
plitude  of  40  volts. 

The  pulse  delay  circuit  is  also 
a  one-shot  multivibrator  delivering 
a  pulse  a  preset  interval  after  be¬ 
ing  tripped  by  one.  A  bridge  is  con¬ 
nected  between  each  pulse  delay 
circuit  and  the  pulse  source.  Nor¬ 
mally  the  bridges  are  balanced  so 
that  no  pulses  can  reach  the  delay 


Strain  Recording  it 


with  Brush  Osciiiographs 


Thm  Brush  Siagls-Chouasl 
OseUIograpb  wUb  AmpUBer. 
Oscillographs  arailablm  ia  Double 
and  Six-Cbannel  uaiis  also. 


Instantaneous,  permanent,  ink-on-poper 
recordings  by  Brush  Oscillographs  make  their 
use  almost  unlimited.  Acciurate  recordings 
of  strains,  pressures  and  coimtless  electrical 
phenomena  con  be  made  over  a  frequency 
range  of  D.C.  to  100  c.p.s.  Either  A.C. 
or  D.C.  signals  con  be  measured.  Whenever 
desired,  recordings  may  be  stopped  for 
notations  on  chart-paper. 

Investigate  Brush  measuring  devices  before 
you  buy  .  .  .  they  offer  more  for  your  money. 


Wrile  today  for  detailed  in/ormaiion  on  this  equipment. 
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The  G>E  Electronic  Ropre* 
ducor^  which  magnolicolly  ro* 
crootos  the  full  recorded 
sound,  derives  its  magnetic 
Held  from  o.G-E  SINTERED 
ALNICO  5  ^rmonent  magnet. 


Actual  sise  of  G-E  SINTERED 
ALNICO  5  permonont  mognot 
utod  In  tho  G-E  Eloctronic  Ro- 
producor  it  shown  in  rod. 


NEW  ENGINEERING  DEVELOPMENT 

SINTERED  ALNICO  5,  General  Electric’s  newest 
magnetic  material,  now  enables  you  to  design 
intricate  shapes  with  higher  external  energy  than 
ever  before.  The  minimum  guaranteed  available 
energy  is  3,500,000  gauss  oersteds  for  most  sizes 
and  shapes.  New  G-E  SINTERED  ALNICO  5 
possesses  tensile  properties  several  times  those 
of  CAST  ALNICO  5  and  can  be  produced  eco¬ 
nomically  in  small  size  parts.  You  get  better  sur¬ 
face  finish  plus  closer  dimensional  tolerances 
with  new  G-E  SINTERED  ALNICO  5. 

NEW  DESIGNS  POSSIBLE 

New  SINTERED  ALNICO  5  has  higher  ex¬ 
ternal  energy  than  either  SINTERED  ALNICO  2 
or  4.  This  makes  possible  new  designs  heretofore 
impossible  or  impractical.  It  is  especially  adapt¬ 
able  where  small  powerful  magnets  having  high 
magnetic  properties  are  required.  Because  of  their 
great  stability  and  external  energy,  SINTERED 


METALLURGY  DIVISION ,  Sec  CM.6 
I  CHEMICAL  DEPARTMENT 
I  GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

I  Please  send  me: 

I  (  )  Technical  Report  on  new  SINTERED  ALNICO 

I  (  )  Bulletin,  CDM-4,  “G-E  Permanent  Magnets.” 

NAME . . . . . TITLE..„ . 

I  COMPANY . . . . . . 

I  PRODUCTS  MFRD. . . . . . 

I  ADDRESS . . . . . . 


CITY 


STATE 


ELECTRIC 
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OPERADiO 


A  /e  know  it’s  impossible  for  a  speaker 

to  swing  a  golf  club,  but  it  is  true  that  in  just 
2  minutes  time  an  average  loudspeaker  does 
exert  enough  energy  to  drive  a  golf  ball  over 
575  yards !  This  means  that  although  OPERADIO 
builds  speakers  with  the  skill  and  care  of  a 
watchmaker  .  .  .  these  speakers  are  sturdily  con¬ 
structed  to  stand  up  under  heavy,  continuous  use. 
OPERADIO  speakers  are  delicately  balanced  to 
authentically  reproduce  the  sweetest  high  notes 
of  a  piccolo,  yet,  carry  the  tremendous 
power  of  a  full  orchestra  crescendo. 


ASK  FOR  OPERADIO  SPEAKERS  - 
A  FULL  LINE  OF  OUTSTANDING 
SPEAKERS  FOR  EVERY  PURPOSE! 


RADIO  REPLACEMENT  and 
PUBLIC  ADDRESS  SPEAKERS 


OPERADIO  MFC.  COMPANY  •  St.  Cborles,  Illinois 
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multivibrators.  An  incoming  wave 
train  initiates  the  action  by  pro¬ 
ducing  a  pulse  that  opens  (unbal¬ 
ances)  the  first  bridge  circuit.  The 
first  pulse  is  thus  received  and  de¬ 
layed  by  the  first  circuit,  and  10 
microseconds  later  the  bridge  to 
the  second  delay  is  opened.  The 
systematic  switching  continues 
routing  successive  pulses  to  delays 
in  order.  The  unbalanced  condition 
for  each  bridge  exists  for  only  180 
’microseconds ;  the  relay  action 
stops  when  the  incoming  signal 
ceases. 

Demodulation  of  the  amplitude- 
modulated  pulse  train  is  compli- 


Ten  delay  circuite  wifh  their  input  bridqei 
and  the  pulse  mixer  are  on  the  upper  chas¬ 
sis.  Coaxial  cables  connect  to  the  lower 
chassis  containing  the  rest  of  the  experi- 
mentai  system  for  reducing  bandwidth 

cated  by  the  variation  of  the  inter¬ 
val  between  pulse  groups.  Two 
charging  circuits  are  used  alter¬ 
nately  to  hold  a  charge  that  is  pro¬ 
portional  to  the  pulse  amplitude. 
The  charging  circuits  are  controlled 
by  square  waves  180  degrees  out  of 
phase  so  that  only  one  circuit  can 
operate  at  a  time.  The  surge  of 
charging  current  in  one  circuit  ig¬ 
nites  a  gas  tube  that  discharges  the 
other  circuit.  The  pulse  that  con¬ 
trols  the  charging  is  delayed  10 
microseconds  and  then  passed  to  a 
counter  to  cause  the  square  wave 
to  reverse.  The  two  capacitors  of 
the  charging  circuits  are  connected 
to  the  grids  of  two  cathode  follow¬ 
ers  having  a  common  load,  and  thus 
the  capacitor  with  the  larger  volt¬ 
age  will  control  the  output.  The 
cathode  voltage  thus  follows  the 
envelope  of  the  amplitude-modu¬ 
lated  pulse  train;  the  demodulated 
signal  is  obtained  from  a  low-pass 
filter. 

Limitations  and  Applications 
The  experimental  equipment  for 
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This  MB  Vibration- Exciter  will  do  it 
for  you  . . .  quickly . . .  efficiently! 


There  are  many  ways  you  can  put  vibration  to  work  for  a 
better  product.  Use  it  for  quality-control,  or  inspection,  for 
example.  With  this  MB  Exciter,  you  can  shake-test  many 
electrical  and  mechanical  products  for  defects  —  right  on  the 
production  line.  Or  you  can  connect  it  to  power-driven  assem¬ 
blies  to  locate  rattles  and  hums  —  and  their  sources. 

As  an  aid  to  research,  this  shaker  is  hard  to  beat  for  sheer 
usefulness.  It  reproduces  vibrational  effects  of  years  of  use 
within  hours!  Shake  testing  also  shows  whether  operating 
conditions  produce  destructive  resonance  in  any  part.  In  every 
case,  the  “cure”  is  then  easier,  more  accurate  —  and  you  as¬ 
sure  a  quieter,  safer,  longer-lasting  product. 

Many  plants  and  laboratories  are  now  using  the  MB  Ex¬ 
citer  for  just  such  purposes.  It  pays  for  itself  many  times  over. 
Why  not  write  us  about  your  “tough  nut”?  As  vibration  spe¬ 
cialists,  MB  can  show  you  how  to  crack  it  with  this  equipment. 


PARTIAL  TECHNICAL  DATA 


•  Wide  frequency  range  —  3  to 
500  cps. 

•  Output  —  up  to  200  pounds  peak 
value. 

•  Power  —  1500  v.a.  maximum, 
continuous. 

•  Amplitude  —  1-lnch  total  ex¬ 
cursion. 


•  Waveform — electrodynamic  op¬ 
eration  produces  pure  sinusoidal 
motion. 

•  Electrical  adjustments — for  fre¬ 
quency,  force  and  amplitude. 

•  Smaller  sizes  available  having 
wider  frequency  ranges. 


1.  THEY  ABSORB  VIBRATION  EQUALLY  WELL  IN  ALL  DIRECTKMIS.  so  they  control  not 
only  vertical,  but  troublesome  horizontal  and  rocking  motions  as  well. 

2.  THEY’RE  NON -DIRECTIONAL.  With  an  equal  spring  rate  in  all  directions,  they 
mount  at  any  angle,  giving  you  extra  design  freedom. 

3.  THEY  HAVE  HIGH  LOAD-CAPACITY  IN  COMPACT  SIZES,  saving  you  space  and 
weight. 

4.  THEY  HAVE  PLENTY  OF  RUBBER  FOR  SOFTNESS,  yet  are  perfectly  stable  and 
safely  self-snubbing. 

Together  with  the  tremendously  simplified  MB  Design  Method  for  posi¬ 
tioning  them,  they  offer  you  performance  that  makes  satisfied  customers. 
Send  your  vibration  problems  to  MB  if  you  want  results.  Our  engineers 
are  always  ready  to  assist  you. 

•TVodv-  Mart  U.  S.  O#. 


SEND  FOR  FREE  BULLETINS 


Bulletin  on  “Vibration  Testing  Technique.”  No.  4-5 
provides  helpful  design  information  on  mountings. 
Reprint  of  technical  Paper  describes  Isomode  Sim¬ 
plified  Design  Method.  Write  Dept.  C-5. 
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EXACTING  DEMANDS  OF  INDUSTRY 


Jor  Specified  Performance,  Quick  Delivery 

o/BETTER  TRANSFORMERS! 


STANCOR  is  justifiably  proud  of  its  KNOW 
HOW  ...  of  its  ability  to  design  and  deliver 
transformers  made  to  your  most  rigid  specifica¬ 
tions  for  service,  durability  and  economy.  At 
Stancor  early  delivery  is  a  by-word  and  specified 
performance  is  a  must.  Your  problems  receive 
individualized  attention  and  you  profit  by 
Stancor’s  wealth  of  experience  and  engineering 
skill.  Let  Stancor  do  the  job  and  be  sure! 


STANDARD  TRANSFORMER 
CORPORATION 


This  Literature  Available  Upon  Request 


•ENGINEERING  A  TRANSFORMER 
•TRANSFORMER  CATALOG  N0.140H 
•  nCHNICAL  DATA-HEARING  AID  UNITS 

Three  invaluable  aids  to  Design  Engi¬ 
neers.  Literature  prepared  and  written 
by  STANCOR  engineers  .  .  .  designed 
to  answer  many  transformer  questions. 


3560  ELSTON  AVENUE  •  CHICAGO  18,  ILL. 


Our  competent  and  versa¬ 
tile  engineering  stajf  is 
available  whenever  you 
need  their  assistance. 
Write  or  wire  us  today. 


THE  ELECTRON  ART  (crniHnMd) 


Parallel  bora  on  tho  underside  of  the  top 
chassis  ore  used  to  minimise  wirinq  ca- 
padtonce  to  ground,  thus  improving  the 
pulse  response  of  the  circuits.  On  the 
lower  chassis  shielded  leads  carry  pulses 
to  minimise  interference 


demonstrating  the  wave  expanding 
principle  has  many  limitations.  The 
repetition  rate  limits  the  upper 
frequency  that  can  be  passed,  while 
the  number  of  pulses  in  a  cycle  lim¬ 
its  the  lower  frequency.  If  the  rep¬ 
etition  rate  of  modulated  pulses  per 
second  is  r,  and  the  lowest  fre¬ 
quency  to  be  transmitted  is  A,  the 
maximum  number  of  pulses  in  a 
cycle  will  be  ^  =  r//,  (inasmuch 
as  fractions  of  pulses  cannot  be 
realized,  the  n^xt  largest  integer 
value  must  be  used  for  iV).  The 
experimental  equipment  used  only 
ten  delay  circuits  so  that  the  funda¬ 
mental  frequency  of  the  wave  to 
be  expanded  could  be  no  lower  than 
1,000-cps.  Because  the  expanding 
circuit  uses  pulse  position  modu¬ 
lation  it  is  subject  to  some  small 
distortion. 

To  extend  the  lower  frequency  to 
100-cps  (the  fundamental  fre¬ 
quency  of  the  average  male  voice) 
so  that  the  technique  eould  be  used 
for  telephony,  another  method  of 
pulse  delay  that  would  use  fewer 
tubes  would  be  desirable.  To  avoid 
distortion  in  the  delay  circuits,  am¬ 
plitude-modulated  instead  of  posi¬ 
tion-modulated  pulses  might  be 
used.  Mercury  delay  lines  might 
provide  the  solution.  If  the  ter¬ 
minal  equipment  can  be  simplified, 
this  method  of  transmission  is  a 
powerful  means  of  providing  more 
channels  on  existing  wire  lines  and 
of  solving  the  problem  of  frequency 
congestion  in  radio  transmission. 

!  The  Polytechnic  Institute  of 
Brooklyn  supplied  the  materials  for 
j  building  the  test  equipment.  The 
author  is  also  indebted  to  G.  B. 
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Why  are  big  wire  producers  using  Du  Pont  NYLON  plastic? 


"Unsurpassed 


as  a  protective  jacket  for  wire,” 


say  Surprenant  Mfg.  Co.  of  Boston,  makers 
of  thin-wall  color-coded  ''Spiralon.'' 


Wire  has  SMALLEt  DIAMETft,  permits  more 
wires  in  limited  area. 


'^Jacketing  of  Du  Pont  NYLON  helps  us  produce  a 
color-coded  wire  with  fungus-  and  abrasion-resistance^  extra 
smoothness  for  easier  pulling,  and  many  other  advantages.' ' 


This  Du  Pont  plastic  can  be  molded 
or  extruded,  and  colored  to  fit  speci¬ 
fications.  For  your  own  good — don’t 
overlook  its  remarkable  properties. 
Write  for  free  booklet,  “65  Success 
Stories  of  Product  Improvement.’’ 
Filled  with  helpful  facts.  Just  ad¬ 
dress:  E.  I,  du  Pont  de  Nemours  & 
Co.  (Inc.),  Plastics  Dept.,  Room 
146,  Arlin^on,  N.  J. 


NVIOM  “Our  new  ’Spiralon’ 
wire  is  available  in 
thousands  of 
distinct  color  com- 
/  binations,  making 

•USTK  INSULATION  .,  1. 

identification  easy 
even  in  the  most  complex  installa¬ 
tions,’’  report  Surprenant  Manu¬ 
facturing  Company.  “It  consists  of 
a  conductor,  color-coded  plastic  in- 


Wire  is  LIGHT  IN  WEIGHT,  and  resists  heat, 
oils,  water,  chemicals,  abrasion  and  flexing. 


sulation,  and  a  transparent  protec¬ 
tive  jacket  of  Du  Pont  nylon.  The 
nylon  cover  can  be  applied  easily 
and  rapidly.  It’s  extra  smooth.  It’s 
tough  and  long  lasting.  It  resists 
heat,  oils,  many  chemicals,  abrasion, 
and  flexing.  And  nylon  helps  us  pro¬ 
duce  a  wire  with  smaller  diameter 
and  lighter  weight.  We  feel  it  is  un¬ 
surpassed  as  a  thin-wall  extruded 
covering.’’ 

Know  these  facts — for  profits 

Wire,  cable  and  many  other  elec¬ 
trical  products  today  are  better 
products,  because  of  Du  Pont  nylon. 


TUNE  IN  Du  Poni’t  "Cavalcade  •/  America” — Manday  Evenings — NBC  caasi  la  coast. 


1  Good  flexibility 


2  High  tensile  strength 


3  Extreme  toughness 


4  Abrasion  resistance 


5  Resistance  to  permanent  set 


6  Chemical  resistance 


7  Ability  to  be  molded  or  extruded 


colored  or  in  natural  color. 


Iti  U  S  PAT.Oir 


p/asHcs 

BETTER  THINGS  FOR  BETTER  LIVING 
THROUGH  CHEMISTRY 
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SINGLE  POLE  OPEN  BLADE  SWITCH 


6-32  MOUNTING  SCREWS 


THE  ELECTRON  ART  (continued) 

Hoadley  and  W.  R.  MacLean  for 
their  advice  during  the  project. 


Reproducing  HEindwriting 

By  Hugh  Lineback 

Professor 
Oklahoma  A  d  M 
Stillwater,  Okla. 

A  NOVEL  application  of  the  cathode- 
ray  oscilloscope  is  the  reproduction 
of  handwriting.  Inspiration  for 
,the  device  to  be  described  came 
from  a  demonstration  at  the  Naval 
School,  Harvard  University.  De¬ 
scription  of  a  similar  device  for 
writing  “LORAN”  {Radio  News, 
Feb.  1946)  attracted  the  attention 


Open  Blade  Snap-Action  Switches 


Underwriters’  Laboratories,  Inc. 
Inspected  15  Amps.  125  Volts 
or  Amps.  250  Volts  A.C. 


Small  Single  Pole 
Open  Blade 

Yes,  we  repeat — these  ACRO 
Open  Blade  Switches  now  carry 
Underwriters  Laboratories,  Inc., 
rating.  The  exceptionally  fast 
Snap-Action  of  the  patented 
ACRO  Rolling  Spring  gives  you 
freedom  from  burning  contacts, 
more  positive  action  and  longer 
life.  This  switch,  already  used  in 
hundreds  of  applications,  has 
been  designed  to  give  the  large 
volume  user  all  the  advantages 
of  positive  Snap-Action  at  low 
cost.  Furnished  with  terminals  at 
side  or  rear.  Can  be  made  with 
many  variations  in  operating 
characteristics  as  well  as  form 
and  length  of  blade. 


FIG.  1 — Polar  plot  of  handwriting 


of  a  dealer  who  asked  for  a  unit 
that  would  reproduce  his  letterhead 
as  a  novelty  display  while  giving 
demonstrations  of  electronic  equip¬ 
ment. 

To  reproduce  the  letterhead,  it 
was  enlarged  on  rectangular  graph 
paper,  using  a  projector  and  panto¬ 
graph.  Two  hundred  and  forty 
points  in  each  word  were  plotted  in 
polar  coordinates  on  a  thirteen-foot 
circle,  using  separate  tracks  -for 
vertical  and  horizontal  compo¬ 
nents;  Fig.  1  shows  the  result.  A 
photographic  transparency  of  this 
pattern  was  made  and  mounted  on 
a  motor  shaft.  The  tracks  were 
scanned  by  light  beams  with  photo¬ 
tubes  receiving  the  modulated  light. 
The  voltages  developed  by  the 


Large  Single 
Pole  Open  Blade 


■  The  larger  single  pole  Open 

Blade  Switch  shown  here,  carries 
the  same  ratings  as  the  small 
switch,  but  is  of  more  rugged 
construction.  Built  with  extra 
large  contacts  to  assure  extra¬ 
ordinary  long  life  on  applica¬ 
tions  where  the  continuous  load 
is  close  to  the  rated  load.  Also 
built  with  the  exclusive  ACRO 
Rolling  Spring  principle  for  pos¬ 
itive  action  and  long,  trouble- 
free  life.  Available  with  termi¬ 
nals  at  rear  only,  as  illustrated. 

Spucificationt  for  Both  Models — Main  blades  of  tempered  spring  steel.  Rolling  spring  of 
beryllium  copper.  Contacts  of  fine  silver.  Switch  locked  together  by  two  6-32  screws. 
Furnished  with  either  return  type  or  set  type  action.  For  quick  response,  send  operating 
details  of  your  applications. 


CNOINEERS 

(ORIGINAL) 


THE  ACRO  ELECTRIC  COMPANY 


(REPRODUCTION) 


FIG.  2 — Original  and  reproduction 
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"Coming.  In  with  stalled  cor,"  radios 
tow  truck  operator.  A  mobile  two- 
way  FM  radiotelephone  permits  in¬ 
stant  communication  with  dispatcher. 


iiiiTg-"- 


Motorola  radiotelephone  en¬ 
ables  the  dispatcher  at  micro* 
phone  to  direct  movements  of 
any  mobile  unit  instontly. 


Lock-In  tubes  in  Mot&iota  equipment 
maintain  smooth  flow  of  traffic  on 
famous  bridge 


The  famous  San  Francisco-Oakland  Bay  Bridge 
must  be  free  of  stalled  cars  at  all  times.  A  smooth 
flow  of  traffic  is  maintained  with  the  aid  of  Motorola 
FM  Radiotelephone  equipment. 

Tow  cars,  emergency  roadside  service  trucks,  elec¬ 
trician  trucks,  fire  units  and  traffic  engineer's  sedan 
constitute  the  radio  fleet.  By  means  of  this  efficient 
system,  a  flow  of  70,000  cars  per  day  rolls  with  mini¬ 
mum  delay  over  the  great  bridge. 

Securely  locked  in  position  in  the  Motorola  equip¬ 
ment  are  Sylvania  Lock-In  T iibes,  depended  upon  day 
and  night  to  give  superlative  service  under  all 
conditions ! 

For  full  information  about  Sylvania  Lock-Ins  see 
Sylvania  Distributors  or  write  Sylvania  Electric  Prod¬ 
ucts  Inc.,  Radio  Tube  Division,  Emporium,  Pa. 


High  frequency  160,000  kilocycle  FM 
two-way  Motorola  radiotelephone 
equipment  permits  100%  radio  cov¬ 
erage  regardless  of  electrical  inter¬ 
ferences  or  steel  enclosing  structure. 
Sylvania  Lock-Ins  handle  very  high 
frequencies  with  ease.  Have  short, 
direct  connections,  fewer  welded 
joints  ...  no  soldered  joints  —  less 
loss;  getter  located  on  top;  shorts 
eliminated  by  separation  of  getter 
material  from  leads!  Cannot  be  dis¬ 
lodged  from  sockets  no  matter  how 
rough  the  way. 


MAKERS  OF  RADIO  TUBES;  CATHODE  RAY  TUBES;  ELECTRONIC  DEVICES;  FLUORESCENT  LAMPS,  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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phototubes  were  applied  to  the  two 
channels  of  the  oscilloscope.  Figure 
2  shows  the  original  letterhead  and 
the  reproduction  produced  on  the 
oscilloscope.  Actually  only  one  word 
is  reproduced  at  a  time  so  that  the 
letters  can  be  as  large  as  possible 
on  the  face  of  the  cathode-ray  tube. 
In  use,  either  word  can  be  selected 
or  they  can  be  made  to  alternate  by 
an  automatic  relay. 


Capacitor  Counting  Circuit 

By  Bradford  Howland 

XJ.  S.  Naval  Research  Laboratory 
(Author  now  at  the  Graduate  School  of 
Arts  and  Sciences,  Harvard  University, 

Cambridge,  Massachusetts) 

Conventional  capacitor  counting 
circuits  represent  the  count  by  a 
voltage  stored  on  a  capacitor.  The 
circuit  to  be  described  operates  on 
this  principle  but  has  in  addition 
N  stable  states  of  electrical  equilib¬ 
rium  and  can  store  the  count  in¬ 
definitely.  Because  of  this  property 
of  long  time  stability  the  circuit 
is  well  adapted  to  counting  random 
events  or  at  a  low  rate.  A  simple 
form  of  the  circuit  using  crystal 
diodes  is  described. 

Essentially  the  circuit  consists 
of  (A)  a  network  of  diodes  and  re¬ 
sistors,  the  complexity  of  which 
determines  the  number  of  equilib¬ 
rium  voltages,  (B)  an  impedance 
sensitive  feedback  circuit  that  sta¬ 
bilizes  the  voltage  across  the  ca¬ 
pacitor  at  any  one  of  the  equilib¬ 
rium  voltages  determined  by  the 
diode  network,  (C)  means  for  step¬ 
ping  the  capacitor  voltage  up  or 
down  one  increment  for  each  count, 
and  (D)  means  for  resetting  the 
circuit  to  zero  each  time  it  has 
counted  N  events. 

Basic  Diode  Charging  Network 

Figure  1  shows  the  basic  two- 
terminal  counting  circuit  composed 
of  diodes,  resistors,  and  batteries 
arranged  for  an  N  of  5.  The  re¬ 
sistances  are  large.  Normally  cur¬ 
rent  flows  from  the  high  bias  volt¬ 
age  through  them  and  the  bottom 
row  of  diodes.  When  a  voltage  of 
the  polarity  indicated  is  applied  to 
the  terminals  of  the  network,  the 
currents  through  the  resistors  will 
switch  successively  to  the  top  row 
of  diodes  as  the  applied  voltage  ex¬ 
ceeds  the  individual  voltages  to 
which  the  lower  diodes  are  con¬ 
nected.  This  action  results  in  the 


“Embarrassing  is  no  word  for  it!  brittleness.  Special  mechanical  all- 
The  big  boss  wants  prints  in  an  the-way-through  processing  gives  it 
hour.  He  won’t  understand  that  this  this  ability  to  laugh  off  the  years.  A 
old  tracing  is  dry  and  brittle,  and  hit  perfea  print  was  made  recently 
high  C  when  1  tried  to  pull  it  out  of  from  an  80-year-old  tracing  on  cloth 
the  cabinet  in  a  hurry.  All  he’ll  see  made  by  the  same  process  now  em- 
will  be  the  patch  marks.  Wonder  ployed  by  Arkwright, 
why  he  doesn’t  insist  on  Arkwright.’’  Why  not  try  Arkwright?  See  for 

Arkwright  has  a  world- wide  repu-  yourself  what  a  difference  there  is. 
tation  for  staying  clear,  clean  add  Generous  working  samples  free 
pliable,  year  after  year  ...  no  ghost-  upon  request.  Arkwright  Finishing 
producing  spots  ...  no  tear-causing  Company,  Providence,  R.  I. 


AMERICA’S  STANDARD  FOR  OVER  25  YEARS 
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This  one  has  Regulation  Accuracy  to  ^  ^ 

3.5%  of  0.1  Milliamperes  Load 

lOW-CURRENT,  HIGH-VOLTAGE  D-C  POWER  SUPPLY  IS  COMPAQ, 
LIGHT  IN  WEIGHT— HAS  PREVIOUSLY  UNOBTAINABLE  FEATURES 

These  new  small,  light-weight  a-c  to  d-c  power  supply  units  are  especially  built  for  preci¬ 
sion  work.  They  have  a  number  of  highly  desirable  features  which  make  them  suitable  for 
supplying  the  high  potential  necessary  for  cathode-ray  tubes,  television  camera  tubes  and 
radar  indicator  scopes,  electron  microscopes,  and  other  jobs  where  unusually  low  regulation, 
light  weight,  and  small  size  are  primary  considerations.  * 

The  unit  shown  here  (Cat.  8317502)  will  supply  7  kv  at  0.1  milliamperes  d-c  output.  The 
regulation  does  not  exceed  3-5%  per  0.1  milliamperes  load,  and  15%  at  0.5  milliamperes 
maximum  load.  The  ripple  on  the  output  voltage  is  less  than  1%.  This  unit  is  manu¬ 
factured  for  215  volts,  10,000  cycles,  a-c  input.  An  additional  pair  of  terminals  is  pro¬ 
vided  to  supply  45  volts  a-c  when  215  volts  arc  applied  to  the  input  terminal. 

This  completely  self-contained  hermetically  scaled  rectifier  will  meet  Army 
and  Navy  specifications  both  in  the  matter  of  design,  and  as  to  its 
ability  to  withstand  mechanical  shock  and  operate  continu- 
ously  for  long  periods  of  time.  It  is  designed  to 
fviH  />  operate  in  ambient  temperatures  ranging 

^  ..1  It  ts  fro™  — 40C  to  -1-60  C. 


•  Precision  stability 

•  Light  weight  (8  lb) 

•  Small  size  (6  by  6  by  7  in.) 

•  Selenium  elements 

•  Only  one  high-voltage  terminal  exposed 

•  Filter  has  low  energy  storage 

•  Readily  mounted 

•  Oil  filled  for  strength 

•  Hermetically  sealed 

•  Can  be  used  as  tank  circuit  of 
an  audio  oscillator* 


0-1  lurwiWcaHy 
wnN  7  kv  (4-<)  ai  m<m> 


*An  vnwMMil  vf  IM*  wmH  I«  lh«l  H  may  k*  waarf 

at  Ika  tank  drewH  of  on  owdia  oodllalor.  Tfca  iniMfl  tar- 
aiinola  ora  connoetad  ta  Hia  ylata  drevH.  Tka  4S-vall 
ootpvl  tarminolt  ara  connoetad  a«  Ika  arid  food  kock. 
Tko  otdllator  tako  normally  ooad  l«  a  6V6.  Tko  oyoral 
Ing  froqaancy  io  10,000  cydoa. 


INPUT  CURRENT  TO  OSCILLATOR  AND  OUTPUT  VOLTAGE 
VS.  OUTPUT  CURRENT  TO  LOAD 


GENERAL  ELEGRIC  COMPANY 

Powar  Trontformar  Saloa  Division,  Pittsflald,  Moss. 

Gentlemen; 

Please  submit  quotation  on . Cat.  No.  8317502  rac- 

^  tifiers,  as  illustrated. 

Please  submit  quotation  on . rectifier  units,  similar  to 

^  Col.  No.  8317502,  designed  to  meet  the  attached  speci¬ 
fications. 


oumn  CWWEWT  llDcl-^fttUAIilPtRtS 


Nome. 


Organization 


Ad  dross 
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^  OOPUT 

VOITS 

23  ■ 

31 

— -T^  . 

The  radiation  pattern 
.  of  that  antenna  on  that  air- 
•  craft  in  any  plane  and  for 
either  vertical  or  horizontal 
polarization. 

With  a  three-man 
crew  to  operate  it,  our 

Type  105 

Aircraft  Antenna  Pattern 


Plotting  System 

can  measure  and  record 
more  than  100  such  radiation 
patterns  in  a.  routine  work¬ 
ing  day. 


Sifdem  —  with  its 
TRANSMIHERS  (500  to  10,300  Me) 

RADIATORS 
RECEIVER  SYSTEM 
RECORDING  SYSTEM 
SERVOS  and  MOTOR  CONTROLS 
MECHANICAL  STRUCTURES 
is  an  excellent  example  of  the  kind  of 

SYSTEMS  DEVELOPMENT  WORK 

we  are  staffed,  experienced,  and  equipped  to  perform 
for  you. 

Consult  with  us  on  your  requirements  for 

HIGH-QUALITY  CUSTOM-BUILT 
ELECTRONIC  DEVICES 


Write,  wire,  or  telephone: 


INCORPORATED 


160  OLD  COUNTRY  ROAD  •  MINEOLA,  N.Y. 

Tel.  Garden  City  6880 
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FIG.  1 — Basic  diode  stepping  circuit 


current-voltage  characteristic  also 
shown  in  Fig.  1.  This  curve  is  based 
on  measurements  made  with  1N34 
crystal  diodes,  470,000-ohm  resis¬ 
tors,  and  a  bias  of  —150  volts. 

The  characteristic  of  the  net¬ 
work,  as  shown  by  its  response 
curve,  is  such  that  its  dynamic  or 
a-c  resistance,  which  is  the  recipro¬ 
cal  of  the  slope  of  the  characteristic 
curve,  is  low  near  points  of  transi¬ 
tion  and  high  between  them.  At 
the  transitions  the  resistance  is 
about  700  ohms,  between  them  it 
is  approximately  50,000  ohms  de¬ 
pending  on  the  applied  voltage  and 
the  back  resistance  of  the  diodes. 
It  is  this  marked  variation  in  a-c 
resistance  of  the  network  that  is 
used  by  auxiliary  circuits  to  stabil¬ 
ize  the  voltage  across  the  capacitor. 

Impedance  Sensitive  Circuit 

The  stabilizing  circuit  responds 
to  changes  in  dynamic  resistance  of 
the  network  and  controls  the  volt¬ 
age  across  a  capacitor  at  or  near 
the  value  for  which  the  network 
presents  low  impedance.  One  such 
circuit  is  shown  in  Fig.  2.  A  small 
r-f  voltage  is  applied  to  the  grid 
of  an  amplifier.  The  cathode  of  the 
amplifier  tube  is  connected  to 
ground  through  a  high  a-c  imped¬ 
ance  in  parallel  with  the  network. 
If  the  network  presents  a  low  a-c 
impedance,  the  cathode  will  be  by¬ 
passed  to  ground  and  a  large  r-f 
output  will  be  produced  at  the  plate 
of  the  tube.  If  the  network  pre¬ 
sents-  a  high  a-c  impedance,  the 
cathode  degeneration  will  produce 
a  small  r-f  output  at  the  plate.  In 
general  this  action  is  obtained  only 
if  the  peak-to-peak  r-f  voltage  is 
small  enough  to  limit  the  voltage 
swings  in  the  network  within  one 
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presenting  the  NEW 

NOFLAME-COR 

the  TELEVISION  hookup  wire 


approved  by 

Underwriten'  Laboratories  at 


CENTIGRADE 


600 


VOLTS 


This  is  IT!  Tdps  in  hookup  wire  for  television,  F*M,  quality  radio  and  all  exacting 
electronic  applications.  Available  for  immediate  delivery  in  all  sizes,  solid  and 
stranded,  in  over  200  color  combinations  .  .  .  ready  to  demonstrate  anew  the 
Efficiency  and  Economy  of  CORNISH  WIRES  AT  WORK 

•Flame  Resistant  •Heat  Resistant  •High  Insulation  Resistance 
•High  Dielectric  •Easy  Stripping  •Facilitates  Positive  Soldering 

COMPLETE  ENGINEERING  DATA  AND  SAMPLES  ON  REQUEST 


RUBBER 

.75® 

PLASTIC 

80° 

o 

o 

•  ®1 

"made  by  engineers  for  engineers" 


CORNISH  WIRE  COMPANY,  me 

605  North  Michigan  Avenue,  York  7,  N.Y.  ^ 

Chicago  11  nun- J.I-U:-  X 


1237  Public  Ledger  Bldg., 
Philadelphia  6 


lUFACTURERS  OF  QUALITY  WIRES  AND  CABLES  FOR  THE  ELECTRICAL  AND  ELECTRONIC  INDUSTR 
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EQUIVALENT 

CIRCUIT 


R-F 

AMPLIFIER 


0-C 

AMPLIFIER 


i  ? 


RECTIFCR 

DIODE 

IftVl:  r4 


INPUT  ^ 


4  8  12  16  20 

POTENTIAL  E  (FIG  Din  VOLTS 


FIG.  2 — Circuit  stabilizes  Toltage 

step  of  its  (iynamic  characteristic. 

The  r-f  output  at  the  amplifier 
plate  can  be  calculated  by  means  of 
the  equivalent  circuit  also  shown 
in  Fig.  2.  The  cathode  impedance 
is  Zk.  The  curve  in  Fig.  2  shows 
this  variation  of  plate  r-f  voltage 
with  voltage  applied  to  the  net¬ 
work.  This  r-f  voltage  is  rectified 
(by  a  crystal  diode)  to  give  a  posi¬ 
tive  potential  that  is  amplified  and 
fed  back  to  the  capacitor  to  main¬ 
tain  whatever  voltage  is  across  it. 

To  discuss  specifically  how  the 
stabilization  operates,  assume  that 
the  capacitor  is  charged  to  9.5  volts. 
Should  this  potential  decrease,  the 
output  from  the  r-f  amplifier  will 
increase,  the  grid  of  the  d-c  ampli¬ 
fier  will  be  driven  positive,  and  the 
voltage  across  the  capacitor  will  be 
restored  to  its  initial  value.  The 
action  is  actually  quite  complex  and 
a  minimum  capacitance  is  required 
to  obtain  stable  equilibrium  points. 
There  is,  in  addition,  a  stable  con¬ 
dition  when  the  capacitor  voltage 
is  negative,  in  which  case  the  d-c 
amplifier  is  cut  off ;  this  state  is  not 
usually  used  in  counting  circuits. 

Stepping  and  Reset  Circuits 

To  step  the  voltage  across  the 
capacitor  in  performing  the  count¬ 
ing  operation,  an  increment  of 
charge  is  either  added  or  sub¬ 
tracted;  the  stabilizing  circuit  then 
brings  the  capacitor  voltage  to  the 
next  equilibrium  point.  The  points 
of  unstable  equilibrium  on  the  sta¬ 
bilizing  circuit  characteristic  are 
the  dividing  voltages  between 
stable  states.  To  drop  the  voltage 
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CRT  Wall  Coating  . . . 

Another  use  for  a  “dag” 
colloidal  graphite  dispersion 


CourtMy  Atlra  B.  DoMont  Laborutoricd,  Inc. 


In  Cathode-Ray  Tubes,  such  as  the  one  above,  “dag”  CRT  Wall 
Coating  — a  colloidal  graphite  dispersion  — serves  as  a  conductor  and 
as  an  accelerating  electrode... excludes  external  light... and  reduces 
light  reflection  from  the  filament. 

Because  of  their  unusual  properties  **dag**  colloidal  graphite  disper¬ 
sions  are  constantly  finding  new  applications  in  the  electronics  industry. 


Aqueous  dispersions  of  colloidal  electric-furnace  graphite  may  be  em¬ 
ployed  to  form  films  which,  in  addition  to  being  tenaciously  adsorbed, 
possess  low  coefficients  of  expansion  and  friction.  They  are  non-fusible, 
opaque,  chemically  inactive,  electrically  conductive;  effective  thermal 
radiators,  good  conductors  of  heat,  law  in  photoelectric  sensitivity, 
and  capable  of  acting  as  gas  adsorbers. 


Give  Acheson  Colloids  engineers  the  opportunity  to  talk  with  you  about 
your  specific  problems.  Check  the  coupon  and  mail. 


Giv*  me  information  on 
colloidal  graphite 
dispersions  for: 

[3]  wall  coating  of  CRT's 
r~l  electrostatic  shielding 
□  corona  prevention 
dry-film  lubrication 

[~l  copper  oxide  rectifier 
disc  coating 

r~l  electricol  resistances 
I  I  filament  cement 


Acheson  Colloids  Corporation 

PORT  HURON,  MICHIGAN 


40th  Anniversary  Year 
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THE  ELECTRON  ART  (continued) 

across  the  capacitor  to  the  next 
lower  stable  state  the  charge  must 
be  forcefully  reduced  to  bring  the 
voltage  below  the  adjacent  unstable 
point ;  to  lift  the  voltage  the  charge 
must  be  increased  to  bring  the  volt¬ 
age  above  the  next  unstable  point 
before  it  will  be  driven  into  stabil¬ 
ity  by  the  control  circuit.  The  volt- 


soo  0 


FIG.  3 — Complete  decade  counting  circuit 

age  across  the  capacitor  is  most 
easily  stepped  down  as  the  drop  to 
trigger  the  circuit  to  its  next 
equilibrium  is  then  small. 

If  the  circuit  is  to  count  large 
numbers  it  must  be  reset  to  zero 
each  time  it  has  counted  its  limit 
of  N  pulses.  A  multivibrator  or 
blocking  oscillator  that  is  triggered 
each  time  the  voltage  across  the 
capacitor  is  stepped  beyond  its  low¬ 
est  (or  highest)  equilibrium  can 
restore  the  circuit  to  zero.  The 
output  from  the  reset  circuit  is 
used  to  operate  another  counting 
circuit. 

A  complete  decade  counter  using 
these  elements  is  shown  in  Fig.  3. 
The  network  uses  twenty  1N34 
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ERMANENT 


MAGNETS 
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W&D  129$ 


Where’s  the  manufacturer  these  days  who  doesn’t 
need  all  the  competitive  and  cost  advantages  he  can 
get?  Maybe  you  have  new  electrical  or  mechanical 
equipment  in  mind — designs  or  re-designs  that 
should  employ  permanent  magnets  for  best  results. 
Maybe  you  have  existing  applications  that  perma¬ 
nent  magnets  will  do  better — save  you  time  and 
money  in  production,  and  step  up  the  efficiency  of 
your  product. 

In  either  case,  let  Arnold’s  engineering  service 
help  you  to  find  the  answers  to  your  magnet  prob¬ 
lems.  Arnold  offers  you  a  fully  complete  line  of  per¬ 
manent  magnet  materials,  produced  under  100% 
quality-control  in  any  size  or  shape  you  require, 
and  supplied  in  any  stage  from  rough  shapes  to 
finish-ground  and  tested  units,  ready  for  final 
assembly.  Write  direct,  or  to  any  Allegheny  Ludlum 
branch  office. 


THE  AHMOIjI)  engineering  CO. 

Subsidiary  of  ALLEGHENY  LUDLUM  STEEL  CORPORATION 

147  East  Ontario  Street,  Chicago  11,  Illinois 
Specialists  and  Leaders  in  the  Design,  Engineering  and  Manufacture  of  PERMANENT  MAGNETS 
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THE  ELECTRON  ART  (continued) 

crystal  diodes,  or  6AL6  vacuum 
diodes  can  be  used  equally  well. 
Taps  at  2-volt  intervals  along  a 
low-impedance  divider  determine 
the  ten  equilibrium  voltages.  The 
number  of  steps  that  can  be  ob¬ 
tained  in  a  single  network  is  lim¬ 
ited  by  the  minimum  voltage  re¬ 
quired  per  step  (about  1  volt)  and 
by  the  safe  inverse  voltage  of  the 
diodes.  The  control  circuits  require 
six^  triodes  (three  dual  triode 
tubes).  The  r-f  oscillator  can  be 
used  in  common  by  several  other 
counting  stages. 

The  oscillator  frequency  was 
chosen  to  make  the  plate  circuit  of 
the  r-f  amplifier  resonate,  and  in 
this  case  is  600  kc.  The  inductance 
shunting  the  network  was.  chosen 
to  resonate  with  the  stray  capaci¬ 
tance  to  assure  a  high  r-f  impedance 
between  stable  states. 

Positive  pulses  that  are  to  be 
counted  are  applied  to  the  storage 
capacitor  through  a  trigger  am¬ 
plifier.  The  stored  voltage  is  thus 
stepped  down  one  2-volt  increment 
by  each  input  pulse.  The  size  of  the 
coupling  capacitor  is  not  critical. 
The  reset  multivibrator  is  trig¬ 
gered  each  time  the  capacitor  volt¬ 
age  goes  negative.  Upon  being 
triggered  the  multivibrator  passes 
a  high  current  for  a  predeter¬ 
mined  interval  that  restores  the 
highest  equilibrium  voltage  across 
the  capacitor,  limited  at  this  value 
by  the  clipping  diode.  A  positive 
output  pulse  from  the  multivi¬ 
brator  operates  succeeding  count¬ 
ing  decades. 

The  count  is  indicated  by  a  high- 
impedance  voltmeter.  A  manual 
reset  enables  the  circuit  to  be 
cleared.  This  circuit  counts  satis¬ 
factorily  at  any  rate  up  to  1,500 
events  a  second,  the  upper  limit  be¬ 
ing  determined  by  the  reset  time. 
The  reset  time,  in  turn,  depends  on 
the  size  of  the  storage  capacitor 
and  on  the  current  that  can  be  car¬ 
ried  by  the  reset  tube.  The  circuit 
of  Fig.  3  does  not  represent  an  opti¬ 
mum  design ;  it  is  believed  that 
w'ith  further  refinement  the  upper 
limit  of  counting  speed  can  be  con¬ 
siderably  increased. 


REDUCE  “DOWN-TIME” 
LOWER  WIRING  COSTS, 
SAFEGUARD  PERSONNEL 


INDUSTRIAL  SOCKETS 


The  advanced  design  of  these  sockets  and 
the  well  known  high  integrity  of  Amphenol 
materials  and  production  can  save  you  thou¬ 
sands  of  dollars  in  "down-time."  Another 
economy  is  the  speed  and  simplicity  of  instal¬ 
lation  wiring.  And  these  Amphenol  sockets 
are  safe — they  guard  highly  trained  workers 
and  valuable  tubes,  so  don't  rely  on  make¬ 
shift  equipment! 

Included  in  the  wide  Amphenol  industrial 
tube  socket  line  is  the  Super  Jumbo  4  pin 
socket  for  top  or  bottom  mounting.  The 
exclusive  Cloverleaf  contacts  provide  four  full 
lines  of  contact  with  tube  pins  to  carry  heavy 
current  loads.  Outstanding  in  performance 
they  are  equally  attractive  in  appearance — 
quality  on  all  counts! 

So  insist  on  Amphenol  when  you  buy.  Write 
today  for  complete  and  well  illustrated  speci¬ 
fications. 


SURVEY  OF  NEW  TECHNIQUES 

Industrial  and  scientific  prob¬ 
lems  dealing  with  the  flow  of  heat 
are  solved  by  a  specialized  calculat- 


AMERICAN  PHENOLIC  CORPORATION 

1 830  South  54th  Avonue,  Chicago  50,  Illinois 
COAXIAL  CAIIES  AND  CONNECTORS  •  INDUSTRIAL  CONNECTORS.  FITTIN6S  AND 
CONDUIT  •  ANTENNAS  •  RADIO  COMPONENTS  •  PLASTICS  FOR  ELECTRONICS 
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nastic  m 

CIVPl^CffORS- 


1.  3iore  Economical 

2.  Smaller  ^Lighter 

3.  Better  Electrical  Characteristics 


1.  MORE  ECONOMICAL 


List  Price 
PLASTICON  AOC 

SAVING 

$10.67 

$4.51 

Abov*  are  typical  examples. 


PLASTirO^'S  are  the  result  of  teehnologleal  advances 
manufacture,  give  better  performance. 


cost  less  to 


2.  SMALLER -LIGHTER 


3.  BEHER  ELEORICAL  CHARAaERISTICS 


Paper  Capacitors 


-40°C  =  73%  -40°C  =  94% 

+  85'C=:97%  +85°C=I03% 


PLASTICON  CAPACITORS  given  are  Type  AOC,  mineral  oil-filled.  ^ 
PLASTICON  ASC  silicone-filled  have  better  characteristics.  | 

Paper  Capacirors  given  are  chiorinated  diphenyl  impregnated,  j 


^^Condenser  l^roducts  Company 

1375  NORTH  BRANCH  STREET  •  CHICAGO  22,  ILLINOIS 

MANUFACTURERS  of  GLASSMIKE  CAPACITORS  and  HIGH  VOLTAGE  POWER  SUPPLIES. 
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(A)  The  Knurled  head  of  the  “Unbrako”  Socket 
Cop  Screw  mokes  it  slip-proof,  fumble-proof  and 
time-saving — even  if  the  fingers  and  heads  ore 
oily  .  .  .  because  it  con  be  screwed-in  faster  and 
farther  before  a  wrench  becomes  necessary, 

(B)  The  Knurled  Cup  Point  of  the  “Unbrako"  Socket 
Set  Screw  makes  it  a  perfect  SELF-LOCKER — the 
point  digs-in  and  stays  dug,  regardless  of  extreme 
vibration  ...  it  can  be  used  over  and  over  again. 

(C)  The  Knurling  of  this  “Unbrako"  Socket  Set 
Screw,  as  shown,  swages  the  threads  so  it  becomes 
a  most  excellent  SELF-LOCKER,  for  use  where 
points  such  as:  flat,  dog,  cone  and  oval,  which  do 
not  lend  themselves  to  knurling,  must  be  used. 

All  of  our  knurled  “Unbrako"  Set  Screws  are 
patented  and  regardless  of  point  they  are  ex¬ 
cellent  SELF-LOCKERS — so,  if  it  is  imperative  that 
your  Set  Screws  stay  set,  write  us  .  .  .  because 
we  can  lock  most  any  Set  Screw  application.  Ask 
for  your  copy  of  the  “Unbrako"  Catalog. 


Knurling  of  Socket 
Screws  originated  with 
“Unbrako”  in  1934. 


Write  us  for  the  name  and 
address  of  your  nearest 
"Unbrako”  Industriol  Dis¬ 
tributor. 


OVER  45  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 


JENKINTOWN,  PA.  BOX  596 
BOSTON  .  CHICAGO  >  DETROIT  •  INDIANAPOLIS  .  ST.  LOUIS  •  SAN  FRANCISCO 


ing  machine  (ieveloped  at  the 
Columbia  University  School  of 
Engineering.  The  heat  and  mass 
flow  analyser  laboratory  consists 
of  extensive  resistance-capacitance 
networks  and  associated  meters  and 
power  supplies.  Thermal  proper¬ 
ties  of  materials  are  concentrated 
into  individual  electrical  circuit 
elements  by  lumping  their  electri¬ 
cal  analogs.  Problems  that  would 
b^  impractically  time  consuming 
are  solved  readily  by  the  machine, 
and  accelerated  action  is  obtained 
by  changing  the  time  scale  of  the 
analog.  During  the  six  years  that 
the  laboratory  has  been  developing, 
problems  dealing  with  solidification 
of  metal  and  glass  castings,  heat 
losses  in  furnaces,  deicing  airplane 
wings  at  high  altitudes,  and  heat 
generated  by  brakes  on  trains  have 
been  solved.  The  laboratory,  headed 
by  Dr.  Victor  Paschkis  and  Prof. 
C.  F.  Kayan,  is  operated  as  a  con¬ 
sulting  agency  for  industry  and 
also  engages  in  developing  general 
physical  data.  It  is  sponsored  by  a 
number  of  industries  concerned 
with  heat  transfer  problems. 

High-voltage  power  supplies,  for 
military  infrared  detectors,  were 
developed  by  Dr.  Carl  Boi^ch,  physi- 
ist  for  the  Allgemeine  EleKtrizitats- 
Gesellschaft,  Germany.  Tiie  rotary 
electrostatic  generator  patterned 
after  the  well  knowm  Wimshurst 
machines  used  for  classroom  dem¬ 
onstration,  weighs  less  than  a  pound 
and  is  4.5  inches  in  diameter;  it 
replaces  a  20-pound  transformer 
and  vacuum  tube  power  supply,  and 
gives  a  d-c  output  of  12,000  volts. 
The  basic  design,  illustrated  in  the 
May  1947  Science  Progress  (U.  S. 
Dept,  of  Commerce),  can  be  adapted 
to  power  supplies  for  x-ray,  cath¬ 
ode-ray,  and  other  high-voltage 
tubes. 

Pencile  mark  sensing  method,  de¬ 
veloped  by  International  Business 
Machine  Corp.,  is  replacing  punched 
holes  in  cards  for  some  applica¬ 
tions.  Conductance  provided  by  a 
heavily  drawn  short  pencile  line 
across  a  particular  box  on  a  file 
card  is  sufficient  to  actuate  the  cir¬ 
cuit  between  fine  fingers  under 
which  the  card  passes.  The  pencile 
mark  is  simple  to  make  and  the 
sensing  permits  high  speed  oper¬ 
ation  of  the  accounting  machine. 
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Raytheon  Typo  4J54>S9, 
200,000-watt,  5500- mog- 
acycio  pultod  magnetron, 
"pochaged"  to  place  the 
magnet  pole  pieces 
directly  in  the  tube,  thus 
saving  space  and  permit¬ 
ting  use  of  smaller  per¬ 
manent  magnets. 


#  Micro-wave  radar  was  made 
practical  by  operating  magnetron 
tubes  in  the  constant  field  of  per¬ 
manent  magnets.  For  only  with 
this  unchanging  magnetic  field 
could  frequency  stability  be 
obtained.  Thus  a  whole  new  fre¬ 
quency  spectrum  was  opened  up 
—and  a  vast  new  elearonic  mar¬ 
ket  developed. 

Working  with  Raytheon  Manu¬ 
facturing  Company,  Waltham, 
Mass.— producer  of  more  than  half 
of  the  world’s  wartime  sup¬ 
ply  of  these  tubes  — our 
engineers  helped  design 
special  permanent  magnets 


for  the  major  portion  of  Raytheon 
magnetrons.  Some  of  these  mag¬ 
nets  weigh  as  much  as  50  pounds 
—in  other  cases,  total  weight  of 
the  tube-magnet  combination  is 
less  than  two  pounds. 

OUR  SPECIAL  DESIGN  SERVICE  CAN  HELP  YOU 
Every  day,  permanent  magnets  are 
supplying  the  answers  to  new  and 
different  problems  in  all  branches 
of  science  and  industry.  A  discus¬ 
sion  with  our  permanent  magnet 
specialists  may  assist  you  in  new 
equipment  designs— or  bring 
higher  efficiency  and  extra 
savings  in  your  present  prod¬ 
ucts.  Write  today,  Dept.  E-6. 


I*S*P 

//teAe 

•  Maximum  energy  and  uniformity. 

•  Unwavering,  everlasting  strength. 

•  Uninterrupted  operation. 

•  No  wiring  or  electrical  current  needed. 

•  No  shock  hosord. 

•  No  heat  produced. 

•  No  operating  cost. 

•  Minimum  installation  cost. 

•  Easily  installed  in  original  equipment. 

•  Complete  range  of  sixes  and  materials. 


THE  INDIANA  STEEL  PRODUCTS  COMPANY 


PRODUCERS  OF  "PACKAGED  ENERGY" 

4  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2,  ILL. 
SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


PLANTS 


/VALPARAISO,  INDIANA 
ICHAUNCEY,  NEW  YORK 


ELECTRONICS  — June,  194S 


193 


NEW  PRODUCTS 

(continued  from  p  134) 

transformer  and  test  speaker  which 
may  be  used  separately.  Two  panel 
switches  and  chart  establish  any 
one  of  30  desired  transformer  pri¬ 
mary  impedances  from  325  through 
70,000  ohms,  single  and  push-pull. 


Television  and  F-M  Receiver 

Duval  Radio  &  Television  Cwp., 
423  Grove  Street,  Jersey  City  2, 
K.  J.  Model  15C  is  a  complete 


I  by  Dsiig  these  HIW  RAJCON 
SPIAKIRS  o*d  HORN  UfNfTS 


Right— NEW  RADIAL  RE-ENTRANT  SPEAKER, 
excellent  for  all  types  of  industrial  sound  installa¬ 
tions,  provides  superlative  and  compleft  360*  speech 
intelligibility  by  efficiently  over-riding  factory  high 
noise  levels.  Frequency  response  300-6000  cps. 
Handling  capacity  25  watts  continuous,  35  w.  peak. 
Has  mounting  bracket.  Size  12"  wide  by  12  H" 


wired  and  tested  unit,  less  cabinet. 
The  receiver  tunes  continuously 
from  44  to  216  me  and  a  switch  is 
provided  to  turn  off  sweep  and 
high-voltage  circuits  when  f-m  re¬ 
ception  alone  is  desired. 


Left  —  NEW  SMALL  RE-ENTRANT  HORNS, 
extremely  efficient  for  factory  inter-com  and  pag¬ 
ing  systems;  for  sound  trucks,  R.  R.  yards  and  all 
lother  industrial  installations  where  high  noise  levels 
'are  prevalent.  Watertight,  corrosion -proof,  eosily 
installed.  Two  new  models — type  RE-1  \/2,  com¬ 
plete  with  Baby  Unit,  handles  25  watts,  covers 
300-60(X)  cps;  type  RE-12,  complete  with  Dwarf 
Unit,  handles  10  watts,  has  freq.  response  of 
400-800  cps. 


Timer 

The  Arnold  Clock  Co.,  136  W. 
52nd  St.,  New  York,  N.  Y.  The 
new  precision  timer  has  a  single¬ 
circuit  double-throw  switch  with  a 


Right— NE>N  SPECIAL  PM  HORN  UNIT,  having 
Almico  V  magnet  ring  completely  watertight,  housed 
in  a  heavy  aluminum  spinning.  Provides  extremely 
high  efficiency  reproduction  with  minimum  input. 
Hondling  copacity  35  watts  continuous,  60  w.  peak. 


capacity  of  500  watts  and  can  be 
used  to  turn  any  electrical  unit 
either  off  or  on.  The  electric 
switch  has  positive  action  that  per¬ 
mits  predetermined  timing  at  any 
15-minute  interval. 


To  the  more  thoa  60  diiierent  type  and  size  speakers  and  horn  units  that  already  com¬ 
prise  the  RACON  line — these  new  models  hare  been  added.  There  is  a  RACON  speaker 
and  horn  unit  ideal  ior  every  conceivable  soimd  system  application.  RACON  has  not 
only  the  most  complete  line,  but  also  has  the  most  preferred  Une.  For  over  20  years  lead¬ 
ing  Soundmen  have  recognized  and  speified  them  becaxise  of  dependability,  efficiency 
and  low-cost  and  because  the  reproducers  are  trouble  proof. 


RACON  ELECTRIC  CO.,  INC. 

19rt  Sf.,  New  York  3,  N.  Y, 


Write  for  catalog  describing 
RACON'S  Line  of  Horns, 
Speakers,  Units,  Accessories, 
etc. 


Audio  Amplification 

Langevin  Mfg.  Corp.,  37  W  65th 
St.,  New  York  23,  N.  Y.  Type  122 
is  an  audio  amplifier  unit  featuring 
plug-in  channel  adaptors  which 
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a  small  rectifier  has  done  its  job! 


Remember  the  old  days  when  you  used 
to  push  your  starter  button,  and  hope? 
Or,  maybe,  you’re  still  doing  it — if  you 
haven’t  heard  about  the  small  charger 
that  helps  keep  batteries  at  their  peak. 
But  many  a  car  owner  is  now  enjoying 
new  confidence  in  his  car,  simply  by 
letting  this  handy  rectifier  revive  the 
battery  when  the  car  is  in  the  garage. 
This  same  rectifier,  incidentally,  has 
numerous  other  applications  in  recharg¬ 
ing  6-volt  batteries. 

Designing  this  rectifier  to  do  its  job 
right — making  it  small  enough  to  sell 
easily,  large  enough  to  function  properly 
— were  engineering  problems  that  came 
within  the  scope  of  General  Electric 
engineers.  In  fact.  General  Electric’s 
experience  covers  all  phases  of  rectifica¬ 


tion  problems — from  rectifiers  the  size 
of  an  aspirin,  to  ten-ton  rectifiers  as  big 
as  your  garage. 

Tell  G.  E.  your  problem  of  d-c  supply 

When  rectification  problems  come  up 
— unusual  problems,  or  even  the  routine 
problem  of  deciding  which  type  of  rec¬ 
tifier  to  use  for  a  job — call  on  General 
Electric.  Because  General  Electric  makes 
all  three — selenium,  copper-oxide,  and 
Tungar* — General  Electric  engineers  can 
give  you  an  impartial  solution.  Because 
G-E  engineers  know  rectifiers  for  every 
type  of  application,  they  can  give  you 
the  kind  of  practical  solution  you  want. 
For  information,  write  to  Section 
A-i  1-631,  General  Electric  Company, 
Bridgeport  2,  Connecticut. 


Selenium 

Copper-oxide 

Tungar 

Rectifiers 

G.E,  makes  all  three 


GENERAL 
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FOR  OVIR  31  TfARS  PlANNfRi  AND  MOUIOIRS  IN  PIASTICS 


provide  it  with  eisrht  applications. 
It  has  an  output  power  of  8  watts 
with  less  than  3-percent  total  har¬ 
monic  distortion  from  50  to  15,000 
cycles.  An  electrical  characteris¬ 
tics  chart  will  be  supplied  on 
request. 


Counter  Chronograph 

Potter  Instrument  Co.,  Inc., 
136-56  Roosevelt  Ave.,  Flushingr, 
N.  Y.  Model  450  interval  timer  will 
measure  intervals  in  steps  of  0.626 


Maybe  WeVe  Got  the  Combination 
to  Your  Moulded  Plastic  Job 


Thue’S  no  “Open  Sesame”  to  a  new  moulding  problem. 
It  takes  the  same  old  patient  hunt  for  the  proper  combi¬ 
nation — ^in  every  function  from  design  and  engineering 
through  mould-making,  moulding,  finishing  and  the  rest. 

But  there’s  this  bit  of  magic  that  still  works.  Knowing 
these  problems  .  .  .  having  solved  similar  puzzles  before 
.  .  .  experienced  moulders  are  liable  to  get  there  quicker. 
And  with  methods  that  have  been  tried  and  proved. 

So  look  a  little  deeper  than  the  price  tag  on  your 
moulder’s  bid.  Experience  like  ours  —  a  reputation  like 
ours  —  experienced  personnel  and  a  complete,  self -inte¬ 
grated  plant  like  ours — these  things  mean  we’ll  quote 
a  fair  price  on  a  job  you  can  depend  on  quality-wise, 
cost-wise  and  delivery-wise. 

We’re  interested  in  your  business,  if  either  compression, 
transfer  or  plunger  moulding  will  do  the  job.  May  we  send 
a  sales  engineer? 


microsecond,  corresponding  to  a 
frequency  of  1.6  megacycles  which 
is  that  of  the  crystal  oscillator  used 
as  the  time  base.  The  instrument 
registers  intervals  up  to  1  second. 
Longer  periods  are  recorded  by  us¬ 
ing  an  external  counter. 


Oscilloscope  Camera 

American  British  Technology, 
Inc.,  57  Park  Ave.,  New  York  16, 
N.  Y.,  distributors  for  Furzehill 
Laboratories,  Ltd.  Type  1684J  os¬ 
cilloscope  camera  uses  unperforated 


Kvrs-Kasch,  lac* 

MSS  t.  Broadway  •  Daytoa  I#  Ohio 
■RANCH  SALES  OFTICES:  N«w  York,  Uxingfon 
2-6677  •  Chicago,  Harrison  5473  •  Dafrolt, 

Kondolph  5214  •  Franklin,  Pa.,  Vmongo  County 
186  *  Los  Angalos,  Prospocf  7503  ■  Dallas, 

lakmtida  1022  *  Sf.  Louis,  Kosodalo  3542 
Toronto,  Canada,  Adohida  1377. 

EXPORT  omCES:  89  Brood  StrMt,  Now  York 
Oty,  Bowling  Groan  9-7751. 
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I-T-E  Oval  Resistor  Assemblies  are  especially 
designed  to  meet  the  exacting  and  changing  needs  of 
the  fast-growing  electronics  industry. 

They  are  distinguished  by  their  high  unit-area 
wattage  ratio  which  is  due  in  part  to  the  heat  dissipa¬ 
tion  qualities  of  the  mounting  brackets.  An  oval 
resistor,  or  assembly  of  oval  units,  has  a  much  higher 
wattage  rating  than  that  of  a  conventional  round  re¬ 
sistor  of  comparable  size.  This  quality  enables  them 
to  meet  the  requirements  of  limited  space,  and  makes 
them  particularly  suited  to  compact  aviation,  sound, 
radio,  and  other  modern  electronics  applications. 

Oval  Resistor  Assemblies  are  part  of  I-T-E’s 
complete  line  of  wire-wound  Power  Resistors.  Only 
the  highest  grade  materials  are  used  in  their  manu¬ 
facture,  and  they  are  given  the  same  thought  in  design, 
the  same  care  in  fabrication  that  the  most  complicated 
unit  of  switchgear  receives. 


No  matter  what  your  resistor  problem  calls 
for — compactness,  long  life,  dependability,  or  exact 
tolerances — be  sure  to  investigate  I-T-E  Oval  Resistor 
Assemblies,  the  modern  wire-wound  Power  Resistors. 
Complete  technical  information,  as  well  as  valuable 
application  data,  is  contained  in  the  new  I-T-E  Re¬ 
sistor  catalog.  Send  for  it  today. 


=  RESISTORS 

•■•ngth  I 


POWER  RESISTORS 


The  Leader  In  Technical  Excellence 


I-T-E  CIRCUIT  BREAKER  CO..  RESISTOR  OIVISION,  19TH  &  HAMILTON  STS.,  PHILADELPHIA  30.  PA. 


SWITCHGEAR  .  UNIT  SUBSTATIONS  •  ISOLATED  PHASE  BUS  STRUCTURES  •  AUTOMATIC  RECLOSING  CIRCUIT  BREAKERS  •  RESISTORS  .  SPECIAL  PRODUCTS 
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35-mm  film.  Equipped  with  an  f/1.9 
lens,  the  camera  can  be  converted 
to  a  continuous  film  type. 


WUII&Etl  :  FACTORY  SALESMEN 
FOR  THE  HIGH-QUALITY  PROFESSIONAL  TYPE 


Bidirectional  Microphone 

Turner  Co.,  Cedar  Rapids,  Iowa. 
Model  87  velocity  microphone  uses 
a  single  element  ribbon  generator 


W  WIRE  RECORDER 


PwrffcU  NMcl  in  CwivMlwrt  Carryiii9  Com 

Includes  AM  Radio  •  Lear  High-Fidelity  Wire 
Recorder  •  leortronic  Scratch  Filler  •  Single 
Record  Phonograph  Turntable  with  leartron 
Pickup  •  Dynamic  Speaker  •  Microphone. 

One  Full  Hour  Spool  of  Wire  with  Cue  Disc 
•  Index  Pods  •  Connection  Cable  to  attach 
Lear  High-Fidelity  Wire  Recorder  to  any 
radio  or  loud  speaker.  Rodio  time  clock, 
headphones,  and  odditional  spools  avail- 


supported  in  an  Alnico  V  magnet. 
Response  is  within  plus  or  minus 
5  db  from  80  to  10,000  cycles.  Level 
is  62  db  below  1  volt  per  dyne  per 
square  centimeter  at  high  imped¬ 
ance.  A  switch  allows  use  into  50, 
200,  or  500  ohms. 


Timing  Relay 

Ward  Leonard  Electric  Co., 
Mount  Vernon,  N.  Y.,  announces 
development  of  the  Bulletin  362  mo- 


generovs  discovnt  arrangements  for  qealified  representatives 

CNfCK  TNiSE  IMPORTANT  PIATURiS 

•  Super-fost  rewind 

•  Wire  con  be  used  over  ond  ever 

•  Records  direct,  or  from  phonogroph,  rodio 

•  Nationally  advertised 

Iduof  for  Kadio  Stations  •Advortising  Agoneimt 
Auditions  •  Air  Chocks  •  Romoto  Broadcasts 
Rublic  Evonts  •  Schools  A  Co/logos 
Dramatic  A  Voico  Toochors 
Languago  Schools  •  Courts  A  Rolico,  otc. 


•  A  precision  instrument 

•  Built  by  experienced  engineers 

•  Full  range  of  high  and  low  tones 

•  Eosy  to  operote  ond  use 

•  Hours  of  uninterrupted  performance 

•  Automotic  timer 

•  Complete  range  of  models  and  prices,  with 
ond  without  AM-FM  Rodio 


We  have  begun  a  nation-wide  campaign  of  publicity  and  advertising  that 
will  create  steady  and  profitable  demand  for  the  LEAR  high-fidelity  wire 
recorder.  You  can  share  in  these  sales  and  profits  while  calling  on  your  present 
fradel  If  you  are  an  independent  radio  supply  salesman — or,  if  you  oper¬ 
ate  a  radio  suoply  business  with  a  live-wire  sales  staff — you  can  make  money 
selling  the  LEAR  High-Fidelity  Wire  Recorder.  We  have  a  most  attractive 
deal  for  you  now — if  you  are  ready  to  do  a  REAL  SELLING  JOBl  No  middle¬ 
men  or  distributors — this  is  a  direct 
factory  deal  where  you  get  the  full 
discounts  I 

For  complete  details,  send  information 
about  yourself,  your  organization  and 

your  territory  TODAY— to  Dept.  C.  imcorporatio 

110  Ionia  Ave.  N.  W.,  Grand  Rapids  2,  Mich. 


tor  driven  time  delay  relay  with 
composite  connections.  The  unit 
is  designed  for  use  in  control  equip¬ 
ment  or  systems  where  an  adjust¬ 
able  time  delay  is  required  for 
proper  remote,  automatic  or  se¬ 
quential  operation. 


Lightning  Arrester 

Radio  Corp.  of  America,  Camden, 
N.  J.,  has  developed  a  lightning 
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MONEY  BACK  GUARANTEE  We  believe  units  offered  for  sole  by  moil  order  should  be  sold  only  on  a 

"Money*Back*lf-Not-Satisfied"  basis.  Wo  carefully  check  the  design,  calibration  and  value  of  all  items  odvertised  by  us 
and  unhesitatingly  offer  all  merchandise  subject  to  a  return  for  credit  or  refund.  You,  the  customer,  are  the  sole  judge  as 
to  value  of  the  item  or  items  you  have  purchased. 


The  Model  80  romrit 
complete  with  all 
teet  leads  and  npcr- 
atlne  instrurtlons. 


The  Model  88 -A  COMBINATION 


SIGNAL  GENERATOR 

AND 

SIGNAL  TRACER 

t  We’re  prepared  for  the  demand  we  know  will  be  created  by  this  long 

overdue  combination  of  the  two  units  which  have  always  been  used 
together.  The  ultimate  in  signal  tracing  procedure  is  achieved  hy  the 
Model  88,  for  th%  use  of  this  model,  enables  you  to  use  either  the 
broadcast  signal  itself  or  the  signal  injected  by  the  Signal  Generator. 
This  is  especially  useful  of  course  when  servicing  “dead”  or  “inter¬ 
mittent”  receivers.  The  Model  88  yon  will  find  is  the  greatest  time- 
saver  ever  provided  for  by  combining'  a  full  range  Signal  Generator 
and  Signal  Tracer  into  one  unit  the  set  up  time  for  interconnecting, 
etc.,  is  entirely  eliminated. 

Signal  Generator  Specifications: 

•A  Frequency  Range:  150  Kilocycles  to  50  Megacycles. 
if  The  R.F.  Signal  Frequency  is  kept  completely  constant  at  all  output 
levels.  This  is  accomplished  by  use  of  a  special  grid  loaded  circuit 
which  provides  a  constant  load  on  the  oscillatory  circuit.  A 
grounded  plate  oscillator  is  used  for  additional  frequency  stability. 
if  Modulation  is  accomplished  by  Grid-blocking  action  which  has 
proven  to  be  equally  effective  for  alignment  of  amplitude  and  fre¬ 
quency  modulation  as  well  as  for  television  receivers. 
if  Positive  action  attenuator  provides  effective  output  control  at  all 
times. 

if  R.F.  is  obtainable  separately  or  modulated  by  the  Audio  Frequency. 

Signal  Tracer  Specifications: 

if  Uses  the  new  Sylvania  1N34  Germanium  crystal  Diode  which 
b  OC  combined  with  a  resistance-capacity  network  provides  a  frequency 
IS  comes  Uw  range  of  300  cycles  to  50  Megacycles, 

rith  all  ONLY  ^  A-Simple  to  Operate — Clips  directly  on  to  receiver  chassis,  no  timing 

controls. 

"""■  ★  Provision  is  made  for  insertion  of  phones  of  any  impedance,  a 

standard  Volt-Ohm  Milliammeter  or  Oscilloscope. 


The  New  Model  770— AN  ACCURATE  POCKET-SIZE 

VOLT-OHM-MIUIAMMETER 

(Sensitivity  1000  Ohms  per  volt) 

Peatunt:  •  Compact-measures  3-Vi"  x  5-%"  x  2-Vi"  •  Uses  latest  design  2% 
accurate  1  Mil.  D'Arsonval  type  meter.  •  Same  zero  adjustment  holds  for  both  re¬ 
sistance  ranges.  It  is  not  necessary  to  readjust  when  switching  from  one  resistance  range 
to  another.  This  is  an  important  time-saving  feature  never  before  included  in  a  V.  0.  M. 
in  this  price  rong'e.  •  Housed  in  round -cornered,  molded  case.  •  Beautiful  black 

etched  panel.  Depressed  letters  filled  with  permanent  white,  insures  long-life  even  with 

constant  use.  okjod 

SpecHications:  The  Model  770  comes  complete  with 

6— A.  C.  VOLTAGE  RANGES:  self-contained  batteries,  test  leads  and  all 

0 — 15/30/1 50/300/1500 '3000  operating  instructions. 

Volts 

6 — D.  C.  VOLTAGE  RANGES:  0k 

O-7^V^nS/7S/M0/7S0  ^500  9U 

4 — D.  C.  CURRENT  RANGES:  I  ^ 

0— 1i/i/15/150  Ma.  0— 11/2  amps.  H  NET 

2— RESISTANCE  RANGES:  ONLY  ■ 

0—500  ohms  0—1  Megohm  wiwi., 

20%  DEPOSIT  REQUIRED  ON  ALL  C.O.D.  ORDERS 


ONLY 
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TRANSMISSION  LINE 
FOR  FM-TV 


Offering  the  dual  odvantage  of  easy,  solderless  assembly 
ond  a  constant  impedance  of  51.5  ohms,  this  new  ANDREW 
FM  TV  line  is  available  in  four  diameters.  Each  line  fully 
meets  official  RMA  standards.  It  also  is  recommended  for 
AM  installations  of  5  Kw  or  over. 

Fobricated  in  twenty  foot  lengths  with  brass  connector 
flanges, silver  brazed  to  the  ends,  sections  ore  easily  bolted 
together.  A  circular  synthetic  rubber  O  ’  gasiret  effec¬ 
tively  seals  the  line.  Flux  corrosion  and  pressure  leaks  are 
avoided.  A  bullet-shaped  device  positively  connec’s  inner 
conductors. 

Close  tolerances  are  maintained  on  characteristic  im¬ 
pedance  in  both  line  and  fittings,  assuring  cn  essentially 
flat  '  transmission  line  system. 

Mechanically  and  electrically  better  than  previous  types, 
this  new  line  has  steotite  insulators  of  exceptionallyVlaw 
loss  factor.  Both  inner  Ond  outer  conductors  of  all  four 
sizes  ore  of  copper  having  very  high  conductivity. 

Flanged  45  and  90  degree  elbow  sections,  and  a  complete 
line  of  accessories  and  fittings  ovailoble. 

Better  be  safe,  than  sorry  Avoid  costly  post-installation 
line  changes.  Get  complete  technical  data,  and  engineer¬ 
ing  advice,  from  ANDREW  now. 


ATTENUATION 

CURVE 

shows  lefol  loss  plus  10%  dorollng 
foctor  to  allow  for  rosistonca  of  ioints 
and  deterioration  with  time. 

Four  diameters  available:  dVe"’— • 
3%*— IVe*  ond 


ORPORATION 


3  6  3  EAST  75th  STREET 


CHICAGO  19 


Pioneer  Specialists  In  the  Manufacture  of  a  Complete  Line  of  Antenna  Equipment^ 


arrester  designed  to  fit  into  tele¬ 
vision  and  f-m  receiver  installa¬ 
tions.  The  device  features  a  new 
method  of  attaching  the  transmis¬ 
sion  line  which  avoids  cutting  and 
splicing. 

Regulated  Dynamotor 

Bendix  Aviation  Corp.,  Red  Bank, 
N.  J.,  introduces  a  regulated  dyna¬ 
motor  which  permits  constant  out¬ 


put  with  as  much  as  25-percent 
variation  in  input  voltage.  The 
unit  is  available  in  various  sizes 
and  voltage  ratings. 


Audio  Frequency  Meter 

Barker  &  Williamson,  Inc.,  237 
Fairfield  Ave.,  Upper  Darby,  Pa. 
Model  300  audio  frequency  meter 
makes  direct  measurements  of  un¬ 
known  audio  frequencies  up  to  30,- 
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Imitated  But  Never  Equaled 
THE  INTERNATIONALLY  FAMOUS  MECANITRON 
HIGH  SPEED  INK  TAPE  RECORDER 

Model  MA-126  Series 


Th*  madal  MA-126  tariot  rocordar  raprosants  a  eamplata,  salf-contoiiMd  high  tpoad  ink  tape 
rocording  systam.’  Tha  Mocanitran  rocording  hoad  raprosents  a  now  dapartura  in  maving  coil 
dotign.  A  lightwaight,  niggod  coil  of  eight  ohms  impiedance  is  driren  by  a  special  polar,  palse 
amplifier. 

SPECIFICATIONS 

MECHANICAL 

Wotch  cose  construction — entire  head  may  be  remoeed  by  loosening  one  thumbscrew. 

Tope  guide  arm  proTides  straight  line  feed  and  floating  action  ot  the  penpoint.  This  member 
is  also  instantly  remoroble  for  cleaning. 

Primary  and  secondary  stops  adjustable  for  any  desired  character  width. 

Pen  and  pen  bearings  instantly  removable. 

Pen  may  be  cleaned  qpiickly  using  straight  piece  of  cleaning  wire. 

Plostifloot  bearings  used  throughout  requiring  no  lubrication. 

Natural  period  of  pen  linkage  well  above  1,000. 

Permanent  magnet  field  requiring  no  excitation,  resulting  in  cool  operation. 

Deep  draft  non-spilling  ink  well. 

Micrometer  barrel  tope  vernier  adjustment. 

Entire  head  dis-ossembled  in  30  seconds. 

Completely  tropicolised. 

ELECTRICAL 

Output  power  pulses  instantly  adjustable  for  any  speed  and  independent  of  input  signal  voltages. 
Phase  reversing  power  output  switdi. 

Power  output  tubes  draw  no  current  during  signal  standby  periods. 

Screen  grid  control  trigger  action  in  DC  amplifier  circuit. 

Automatic  noise  limiting  bios  control  in  full  wove  rectifier  circuit. 

Complete  automatic  volume  control. 

All  circuits  voltage  regulated. 

Standby  switch  may  be  controlled  by  tope  puller. 

Built  in  multi-contact  relay  switch  controlled  by  tape  tension  allowing  standby  recorders  and/or 
associated  circuits  to  instantly  function  upon  tope  depletion. 

Four  separate  and  dlsHrrct  Inputs  are  available  as  follows: 

a.  Tone  input:  This  input  accepts  any  tone  signal  between  700  and  5,000  cycles  at  Zero  DB 
or  more. 

b.  Teletype:  This  input  accepts  the  output  from  a  teletype  printer  and  prints  teletype  chorac- 
1*1*  OB  inked  tope  suitable  for  retransmission  at  higher  speeds  by  use  of  a  Meconitron  Scanner. 

c.  Frequency  shift:  This  input  allows  operation  from  the  discriminator  circuit  of  any  standard 
F.M.  receiver,  or  the  detector  circuit  of  any  standard  AM  receiver. 

4.  Contact:  This  input  allows  operation  of  the  recorder  by  means  of  any  standard  telegraph 
key,  permitting  the  production  of  inked  tope  for  retransmission. 

Meconitron  high  speed  recorders  con  be  obtained  in  either  single  or  dual  units.  Dual  units  ore 
sometimes  required  to  permit  operation  of  o  second  unit  in  standby  position  for  instont  use,  os 
the  tope  in  the  first  unit  is  used  up.  Instantoneous  changeover  makes  operation  possible 
without  breaks.  These  units  moy  be  supplied  for  rock  mounting  if  desired. 

Write  for  additional  information  today! 

MECANITRON  CORPORATION 

General  Offices:  8  Irvington  Street,  Boston  16,  Mass. 

Phone:  Commonwealth  6-2639 

Branches:  1011  New  Hampshire  Avenue,  Washington  7,  D.  C.,  NAtional  0310 
142  Bank  Street,  Ottawa,  Ont.,  Canada,  Phone:  Ottawa  5-5590 


NEW  PRODUCTS  lc*"H"**<» 

000  cycles.  Six  ranges  are  required 
for  the  complete  coverage  of  this 
spectrum.  The  meter  will  operate 
on  any  waveform  with  peak  ratios 
of  less  than  8  to  1,  and  requires  a 
minimum  input  of  0.6  volt. 

Power  Relays 

Mack  Electric  Devices,  Inc.,  3a 
Glenside  Ave.,  Wyncote,  Pa.,  has 
developed  the  Mercu-Trol  power 


relays  with  3-coil  terminals  and 
featuring  a  replaceable  tube  which 
is  hermetically  sealed  with  the  con¬ 
tacts,  having  mercury-to-mercury 
make  and  break  in  inert  gas.  Con- 
;  tact  ratings  and  coil  data  may  be 
I  found  in  bulletin  410. 

:  Molded  Tubular  Capacitors 

Sprague  Electric  Co.,  North  Ad¬ 
ams,  Mass.  Available  in  all  popular 
j  capacitance  values  in  200  to  1,600- 


volt  types,  new  phenolic  molded  tu¬ 
bular  capacitors  are  rated  for  oper¬ 
ation  from  minus  40  to  plus  85  C. 
They  are  described  in  Bulletin  210. 

Automatic  Washing  Unit 

Raytheon  Mfg.  Co.,  60  E.  42nd 
St.,  New  York  17,  N.  Y.  The  new 
automatic  washing  unit  for  use  on 
industrial  precipitators  washes  and 
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All  these  precautions  to  secure  absolute  dimen-  J 
sional  uniformity  are  just  part  of  the  care  taken  1 
to  produce  Phillips  Cross  Recessed  Head  Screws  i 
that  give  users  o//  the  advantage  of  a  cross  > 
recess  engineered  for  practical  production.  < 

GET  ALL  THE  ADVANTAGES  OF  ASSEMBLY 
WITH  CROSS  RECESSED  HEAD  SCREWS  . . . 


Speed  and  ease  of  driving  in  production  assem¬ 
bly  demands  that  the  driver  and  recess  fit 
smoothly,  perfectly,  the  same  way  every  time, 
all  the  time.  With  Phillips  Screws,  you  can 
depend  on  it. 


GET  THIS  NEW  BOOKLET  of  facts  that  prove 
the  top  value,  top  economy  of  Phillips  Recessed 
Head  Screws.  It's  free  . . .  use  the  coupon. 


PHILLIPS  SCREWS 

Wood  Screws  •  Machine  Screws  •  Self -tapping  Screws  •  Stove  Bolts 


Phillips  Screw  Mfrs., 
c/e  Herten-Noyes  Co. 

1800  Industrial  Trust  Bldg 
Providence,  R.  I. 


Send  me  the  new  booklet  — "How  to  Select  Recessed 
Head  Screws  for  Practical  Production  Driving", 


Russell  Buidsall  t  Watil  Bolt  t  Nul  Co 
Scorill  Manuixturini  Co 
Seaboard  Screw  Corp 
Shakeprool  ItK. 

The  Soulhinilon  Hardware  Mlj  Co  , 

The  Steel  Company  of  Canada  ltd 

Sterlini  Bolt  Co 

Stron(hold  Screw  Products.  Inc 

Wales  Beech  Corp 

WoUerme  Bolt  Company 


Company 


American  Screw  Co. 

Central  Screw  Co 
Continental  Screw  Co. 

Corbin  Screw  Div  pi 
American  Hdwe.  Corp 
Eleo  Tool  t  Screw  Corp 
The  H  M  Harper  Co 
lamson  i  Sessions  Co 
Millord  Rivet  and<Machine  Co 
National  Locli  Co 


National  Suew  &  Mlp.  Co 
New  Enpland  Screw  Co. 
Parker  Kalon  Corporahon 
Pawtucket  Screw  Co 
Pheoll  Manulacturini  Co 
Readint  Screw  Co 
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CENTRALIZED  PRODUCTION  TRAINING  .  .  .  And,  before 
production  is  started  on  Phillips  Screws,  each  plants* 
supervisory  staff  pots  in  an  extended  training  period 
with  Phillips  engineers. 


ESTABLISHED  STANDARDS  .  .  .  Every  manufacturer  of 
Phillips  Cross  Recessed  Head  ^rews  is  supplied 
with  complete  engineering  and  production  data 
which  prescribes  precise  dimensions  and  tolerances. 


-rw 


ENGINEERS'  MEETINGS  . . .  Standards  carefully  estab¬ 
lished  at  the  very  beginning  are  rigorously  main¬ 
tained  through  meetings  of  “Phillips  Recessed  Head 
Standards  Committee".  Engineers  from  all  plants 
meet  to  exchange  ideas,  discuss  problems  and  learn 
about  recent  developments. 


COMMON  SOURCE  OF  RECESS  FORMING  TOOLS 

. . .  Punches  for  forming  the  Phillips  Cross  Recess  in 
all  types  and  sizes  of  Phillips  Screws  are  formed 
from  master  types  at  one  plant.  The  manufacture  of 
gauges  for  maintaining  uniformity  of  Phillips 
Drivers  and  Bits  are  similarly  centralized. 


How  19,000  companies 
up  take-home  pay 


Can  you  deduct  $18.75  from  $60.00  and  get  $66.25?  Yes.  And  the  way  you  can  do  it  is  mighty  important  to 
your  company — and  to  the  nation! 

You  start  with  $60,  representing  someone’s  weekly  take-home  pay.  You  deduct  $18.75  for  the  purchase  of 
a  U.S.  Savings  Bond.  That  leaves  $41.25.  But  $41.25  isn’t  what  the  worker  takes  home.  He  takes  home 
$41.25  a  $25  Savings  Bond.  Total  (assuming  he  holds  the  Bond  till  maturity):  $66.25. 


¥fHAT  19,000  COMPANIES  HAVE  LEARNED 

In  the  19,000  companies  that  are  operating  the  Payroll 
Savings  Plan  for  the  regular  purchase  of  Savings  Bonds, 
employees  have  been  more  contented  in  their  jobs — ab¬ 
senteeism  has  decreased — even  accidents  have  been  fewer! 

Those  are  the  "company”  benefits  the  Plan  provides,  in 
addition  to  extra  security  for  individual  employees. 

But  the  Plan  has  other,  far-reaching  benefits  of  basic  im¬ 
portance.  to  both  your  business  and  the  national  economy . . . 

SPREADING  THE  NATIONAL  DEBT 
HELPS  SECURE  YOUR  FUTURE 

The  future  of  your  business  is  closely  dependent  upon  the 
future  economy  of  your  country.  To  a  major  extent,  that 
future  depends  upon  management  of  the  public  debt. 
Distribution  of  the  debt  as  widely  as  possible  among  the 
people  of  the  nation  will  result  in  the  greatest  good  for  edl. 

How  that  works  is  clearly  and  briefly  described  in  the 
free  brochure  shown  at  the  right.  Request  your  copy — 
today — from  your  State  Director  of  the  U.  S.  Treasury 
Department’s  Savings  Bonds  Division. 


ACTION  BY  TOP  MANAGEMENT  NEEDED 

The  benefits  of  regular  Bond-buying  are  as  important  today 
as  ever — but  war-time  emotional  appeals  are  gone.  Spon¬ 
sorship  of  the  Payroll  Savings  Plan  by  a  responsible  execu 
tive  in  your  company  is  necessary  to  keep  its  benefits 
advertised  to  your  employees. 

Banks  don’t  sell  Savings  Bonds  on  the  "installment 
plan” —  which  is-the  way  most  workers  prefer  to  buy  them. 
Such  workers  want  and  need  the  Payroll  Savings  Plan. 

Those  are  the  reasons  why  it’s  important  to  make  sure 
that  the  Plan  is  adequately  maintained  in  your  company. 

The  State  Director  will  gladly  give  you  any  assistance 
you  wish. 

“The  National  Debt  and  You," 

a  12-page  pocket-size  brochure,  expresses  the  i' 
views  of  W.  Randolph  Burgess,  Vice  Chair- 
man  of  the  Board  of  the  National  City  Bank  f  ‘  ■ 

of  New  York — arid  of  Clarence  Francis,  f 
Chairman  of  the  Board,  General  Foods  / 

Corporation.  Be  sure  to  get  your  copy 
from  the  Treasury  Department's  State  / 

Director,  Savings  Bonds  Division. 


The  Treasury  Department  acknowledges  with  appreciation  the  publication  of  this  message  by 
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dries  all  ionizers  and  collector 
plates,  reapplies  the  adhesive  and 
shuts  off  automatically.  Units  are 
available  in  two  sizes:  1,200  to 
1,500  cfm  and  1,800  to  2,250  cfm. 


Battery  Chargers 

Richardson-Allen  Corp.,  15  West 
20th  St.,  New  York,  N.  Y.,  has  in¬ 
troduced  a  new  line  of  small,  light, 


Call  on  Air  Expross.  It’s  the  best — and  fastest — way  to 
get  supplies,  parts  and  equipment.  This  super-speedy 
service  is  a  roimd- the -clock  proposition,  spieeding 
your  shipment  via  Scheduled  Airlines — offering  you 
pick-up  and  delivery  at  no  extra  cost. 

Air  Express  rates  are  surprisingly  low.  Use  its  speed 
regularly  to  clip  whole  days  off  shipping  time,  and  keep 
your  business  running  in  high  gear. 


SfedSij  Alt  Byress-Worids  fastest  Shipping  SerWi 


•Low  rates — special  pick-up  and  delivery  in  principal  U.S. 
towns  and  cities  at  no  extra  cost. 

•  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-rail  between  22,000  oflF-airline  offices. 

True  case  history:  Tulsa,  Oklahoma,  factory  regularly  gets  ma¬ 
chine  replacement  parts  by  Air  Express.  Keeps  pr^uction 
moving.  Typical  slupment  (25  lbs.)  left  Milwaukee  at  10:10 
A.M.,  delivei^  Tulsa  6:40  p.m.  same  day.  655  miles.  Air 
Express  charge  S5.37.  Any  distance  similarly  inexpensive. 
Phone  local  Air  Express  Division,  Railway  Express  Agency, 
for  fast  shipping  action. 


portable  battery  chargers.  Each 
unit  features  a  direct-reading  me¬ 
ter,  circuit-breaker  protection  and 
selenium  rectification.  They  oper¬ 
ate  on  110  volts,  50  to  70  cycle  a-c 
current. 


Adjustable-Speed  Control 

Reliance  Electric  &  Engineer¬ 
ing  Co.,  Cleveland,  Ohio.  An  elec¬ 
tronic  excitation  control  system 
has  been  designed  for  closely  con¬ 
trolled  speed  regulation.  Function¬ 
ally  it  is  comparable  to  a  2-circuit, 
motor  operated  rheostat  with  a 
servomechanism,  preset  speed  de¬ 
vice  controlling  the  output  voltage 


RatM  Include  pick-up  and  delivnry  door 
to  door  in  oil  principal  towns  and  cItiM 


AIR  EXPRESS,  A  SERVICE  OF  RAILWAY  EXPRESS  AGENCY  AND  THE 

SCHEDULED  AIRLINES  OFTHEU.S. 
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ANNOUNCING— 

the  first*  13  volumes  of  the 
Massachusetts  Institute  of  Technology 

RADIATION  LABORATORY  SERIES 

NOW  AVAILABLE 


lAHO" 


MICROWAVt 

mixers 


t.  v.’?£V!!!2 


MICROWAVE  MIXERS 

Vol.  16.  By  R.  V.  POUND,  Jynior  F*ll«w, 
SocUty  of  Follow*,  Harvard.  3BI  pagos. 
Mills.,  $5.50 

A  specialized  treatment  of  the  microwave 
portions  of  very  hlsh -frequency  receivers, 
discussing  various  receiving  systeme  and 
their  relative  merit.  Design  problems  of 
practical  mixers  are  carefully  described, 
showing  how  to  maintain  constant  absolnte 
frequency  of  local  oecillator  and  how  to 
stabilize  constant  frequency  difference  be¬ 
tween  transmitter  and  local  oscillator. 

MICROWAVE  RECEIVERS 

Vol.  23.  Edited  by  S.  N.  VAN  VORHIS, 
Assoc.  Professor  of  Physics,  Univ.  of 
Rochester.  611  pages,  illus.,  $B.OO 
Thifl  book  treats  together  all  the  elements 
making  up  a  wide-band  receiver,  describing 
individual  circuit  types — the  assembly,  teat* 
ing,  and  maintenance  of  microwave  receivers. 

It  includes  analyses  of  actual  receivers  which 
contain  examples  of  important  circuit  com¬ 
binations. 

THEORY  OF 
SERVOMECHANISMS 

Vol.  25.  Edited  by  H.  M.  JAMES,  Purdno 
Univ.;  N.  B.  NICHOLS,  Taylor  Instru- 
mont  Co.;  and  R.  S.  PHILLIPS.  Univ.  of 
Southern  Calif.  375  pages,  Mfii*.,  $5.00 
Outlines  the  standard  theory  of  servomech¬ 
anisms  design,  showing  application  of  cur¬ 
rent  techniques,  and  providing  an  introdno- 
tion  to  a  new  technique.  It  covers  froquoncy 
response  design  considerations— transfer  loel, 
attenuation  vs.  log-frequency  plots,  and 
phase-angle  va  log-frequency  plots— and  ex¬ 
plains  the  later  method  which  depends  upon 
minimization  of  rms  error  with  which  the 
mechanism  produces  a  desired  result  In  the 
presence  of  electrical  noise  and  other  dls- 
turbancea 

COMPUTING  MECHANISMS 
AND  LINKAGES 

Vol.  27.  Edited  by  A.  SVOBODA.  379 
pages.  Ulus.,  $4.50 

A  discussion  of  computing  mechanisms  and 
a  detailed  study  of  bar  linkagaa  In  com- 
putera  It  includes  a  full  account  of  novel 
methods  for  the  design  of  bar  linkages 
serving  as  generators  of  functions  of  one 
and  two  independent  varlablea  and  desoribes 
the  design  of  bar  linkage  multipliers. 


■  ^  McGRAW-HILL  BOOK  CO.,  Inc.,  330  W.  42d  $t.,  NYC  IB 

Send  me  the  volumes  of  the  Radiation  Laboratory  Series 
Indicated  by  the  numbers  I  have  encircled  below  for  10 
lyu.UILL  days'  examination  on  approval.  In  10  days  I  will  remit 
-  the  price  of  the  books  I  desire  to  keep  plus  a  few  seats 

j  -  postage,  and  return  unwanted  books  postpaid.  (Footage 

I  I  paid  on  cash  orders — Same  return  privilege.) 


THESE  » 

BOOKS 
10  DAYS 


Name . . 

Address  . . 

City  and  State . 

Company  . 

Position  . L,-6-4l 

(For  Canadian  price,  write  McGraw-Hill  Co.  of  Canada  Ltd. 
12  Richmond  St.  E.,  Toronto  1.) 
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POWER 

SUPPLIES 


These  G-E  Regulated 
Power  Supplies  pro¬ 
vide  a  quick*  reliable 
source  of  constant  d-c 
voltage.  Clean,  econom¬ 
ical  and  space-saving, 
they  eliminate  the  need 
for  expensive  batteries 
that  require  continuous 
care,  and  will  prove  an 
indispensable  aid  in  lab¬ 
oratory  and  production 
work. 


POWER  RIQUIRDMINTSt  105-125  volt, 
60-cyclc  commercial  power.  Power  in¬ 
put  350  watts  maximiun. 

OUTPUT  POWPRt  250-450  volts  d-c 
(either  nentive  or  positive  terminal  may 
be  grounded  as  desired).  300  milliam- 
peres  maximum. 

IMPEDANCE:  Approximately  2  ohms  at 
30  cycles  sec.  D^eases  with  increasing 
frequency. 

RIPPLE:  Less  than  (.005)  volts,  peak  to 
peak. 

LOAD  REGULATION:  Less  than  1  per¬ 
cent  change  in  output  voluge  from  no 
load  to  full  load. 


of  a  constant  potential  rotating 
exciter.  A  single-phase  half-wave 
rectifier  with  a  back  rectifier  is 
recommended  for  use  with  the  unit. 
Output  voltage  can  be  varied  from 
0  to  230  volts. 


Light  Soldering  Iron 

Hexagon  Electric  Co.,  130  W. 
Clay  Ave.,  Roselle  Park,  N.  J.  The 
new  soldering  iron  weighs  only  51 
ounces  less  cord,  and  requires  no 


TYPI  YPD-2 
Rungs  250—450  Volts 


POWER  REQUIREMENTS:  105-125 
volts,  60-cycle  commercial  power.  Power 
input,  approximately  375  watts. 
OUTPUT  POWER:  250-400  volts  d-c, 
200  milliamperes  individually  from  two 
separate  supplies,  or  250-400  volts  d-c, 
400  milliamperes  from  both  supplies 
when  operated  in  parallel. 

RIPPLE  AND  NOISE:  Less  than  0.020 
volt  rms. 

LOAD  REGULATION:  One  percent  or 
less  change  in  output  voltage  from  no 
load  to  full  load,  or  for  line  voltage  varia¬ 
tion  from  105  to  125  volts. 


TYPI  PS.4  (Dual  Rsgulatsd) 
Rungs  250—400  Volts 


POWER  REQUIREMENTS:  105-125 
volts,  60  cycle  commercial  power.  Power 
consumption  approximately  800  watts  at 


transformer  for  operation.  It  works 
from  any  regular  110  or  220-volt 
line  circuit  a-c  or  d-c.  Designated 
as  catalog  No.  30H,  list  price  is 
$5.00. 


full  load. 

D>C  OUTPUT:  0.125  ampere  from  160  ^ 

to  1500  volts  output. 

RIPPLE:  Maximum  0.05  volt  (peak  to 
peak 

0.15  percent  or 
less  voltage  from  no 

load  to  load  at  any  power  voltage 
and  output  voltage  within 
LINE  REGULATION:  Uss  than  0.015 
percent  voltage  change  per  volt 

change  voltage  over  specified 

IMPEDANCE:  Less  than  10  ohms  at 
1500  volts  and  less  than  2  ohms  at  160 

volts  output.  TYPI  YPD-4 

Rungs  160— 1500  Vehs 

For  additional  information  concerning  these  units  and 
other  precision  equipment  write:  General  Electric 
Company,  Electronics  Park,  Syracuse,  New  York, 


Television  Capacitors 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  "The  DSTH 
I  television  capacitors  are  oil-impreg- 


ELECTRIC 


GENERAL 
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NfW  rtODUCTS 


nated  and  wax-filled.  Size  range  is 
from  i-inch  diameter  by  2i-inch 
length  up  to  111  x  4*J  inches;  d-c 
voltage  from  3,000  to  6,000. 


Sound  Projector 

Atlas  Sound  Corp.,  1443  39th  St.,  ! 
Brooklyn  18,  N.  Y.  This  stand  and  i 
mounting  fixture  permit  the  illus-  I 


trated  sound  projector  to  be  easily 
directed  in  any  vertical  or  horizon¬ 
tal  angle  and  permanently  locked  in 
the  desired  position.  A  complete 
catalog  description  is  available  on 
request. 


Portable  Microamnieter 

Radio  Corp.  op  America,  Camden, 
N.  J.  Type  WV-84A  is  an  ultra¬ 
sensitive,  portable,  battery-oper- 


for  RADIO  and  TELEVISION  RECEIVERS  .  .  . 

punched,  threaded  or  grooved  to  meet  individual  specifications  vrith 
noo'^inal  tooling  costs. 

These  spirally  laminated  paper  base  phenolic  coil  forms  and  tubes 
give  exceptional  performances  with  the  added  advantage  of  lower 
material  costs. 

Note:  We  also  have  available  numerous  stock  punching  dies. 


Partial  list  of 
Radio  and  Television 
Receivers 

in  which  Cosmalite 
is  used: 

ADMIRAL 
ARVIN 
BELMONT 
BENDIX  RADIO 
COLONIAL 
FARNSWORTH 
GENERAL  ELECTRIC 
HOWARD 
MAGNAVOX 
MOTOROLA 
SENTINEL 

STEWART  WARNER 
WARWICK 
WELLS  GARDNER 
ZENITH 


Your  inquiry  will  receive  im¬ 
mediate  and  intelligent  atten¬ 
tion. 

Ask  also  about  other  Cosmalite 
types  .  .  .  #%  COSMALITE 
for  coil  forms  in  all  standard 
broadcast  receiving  sets.  SLF 
COSMALITE  for  permeability 
tuners.  COSMALITE  deflec¬ 
tion  yoke  shells,  cores  and 


Spirally  wound  kraft  and  fish 
paper  Coil  Forms  and  Con¬ 
denser  Tubes. 


Trade  Mark  Registered 


COIITAINIR& 


6201  BARBERTON  AYE.  CLEVELAND  2,  OHIO 

•  All-Fibra  Cans  •  Combination  Metal  and  Paper  Cans 

•  Spirally  Wound  Tubes  and  Cores  for  all  Purposes 

•  Plastic  and  Combination  Paper  and  Plastic  Items 

miKTM  riMn  •!«  n  f1iewe.We..liawWrt»-T..  CMap.M..  IttnH.  Wet.. 
rustics  MvnM  n  niMot,  wk.  •  inun  misiM  u  ci«nm.  m 

SIUS  imea :  Ww  SS».  M  CNtral  Iim.  Ms.  Hnr  Tirt  n.  N.T..  ita  M7  Mi  SL.  iNtM.  Cml 
tiMMM  run:  ttf  ClwtM  CmMmt  Ciae.  la.  rnmtt.  MmIi _ _ 


KESTER 

Solder 


Kester 


NEW  PRODUCTS  (continued) 

ated  microammeter  for  measuring 
d-c  currents  ranging  from  0.001  to 
1,000  microamperes.  The  instru¬ 
ment  can  also  be  used  as  a  high- 
range  ohmmeter  when  connected  to 
a  suitable  power  supply. 


dependability 

reduces 

soldering  costs! 


Antenna  Conversion 

J.  F.  D.  Manufacturing  Co.,  Inc., 
4109-4123  Ft.  Hamilton  Parkway, 
Brooklyn  19,  N.  Y.  A  new  line  of 
f-m  and  television  antennas  with 


conversion  kits  has  been  assembled. 
In  all  there  are  22  different  types 
ranging  from  the  single  straight 
dipole  to  the  double-stacked  folded 
dipole  with  high-frequency  lobes, 
as  illustrated.  The  line  covers  the 
44  to  216-mc  range,  channels  1  to 
13  and  f-m  bands. 


Tap  Switch  Rectifier 

Richardson-Allen  Corp.,  15  West 
20th  St.,  New  York,  N.  Y.,  an¬ 
nounces  a  new  series  of  selenium 


Watch  the  work  flow  when  Kes¬ 
ter  Plastic  Rosin-Core  Solders  are  applied  to  your 
soldering  operations.  Kester  Cored  Solders  are 
made  to  rigid  specifications  and  can  be  depended 
upon  to  give  uniform  results  every  time.  .There  is 
a  Kester  "Specialized”  Flux-Core  Solder  in  strand 
size,  type  of  flux,  and  alloy  to  fit  your  needs.  Con¬ 
sult  our  Technical  Service  Department  on  any 
soldering  problem. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Av*nu«,  Chicago  39,  IIKnoi* 
Facterias  also  at 

Newark,  New  Jorsay  •  Orantford,  Canada 
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new  products 


(continued) 


rectifiers  with  36-position  tap 
switch  controls.  The  units  are 
standard  up  to  27-kw  capacity. 


Auto-Radio  Vibrators 

American  Television  &  Radio  Co., 
300  E.  Fourth  St.,  St.  Paul  1, 
Minn.,  announces  a  complete  line 


of  auto-radio  vibrators  designed 
for  use  in  standard  vibrator-oper¬ 
ated  auto  and  household  radio  re¬ 
ceivers.  The  new  line,  featuring 
ceramic  stack  spacers,  is  covered 
in  the  recently  released  Vibrator 
Guide  which  is  available  free  of 
charge. 


Television  Transformers 


Hillburn  Electronic  Products 
Co.,  1  Worth  St.,  New  York  13,  N. 
Y.  Series  ZV  video  and  sound  trans- 


OQ 


formers  are  stagger  tuned,  have  a 
4-mc  bandwidth,  with  sound  rejec¬ 
tion  of  150  to  1  and  adjacent  chan¬ 
nel  rejection  of  100  to  1. 


FOR  DEPENDABLE 
APPLIANCES 


HAYDON 

PRECISION 

TIMING 


INFINITE 
CONTROL 

Dependable,  accurate  timing  is  a  key  factor  in  precision  appliance 
components  .  .  .  assuring  reliable  operation  and  minimum  maintenance. 
Tuttle  and  Kift's  revolutionary  Infinite  Control  for  electric  ranges  is 
but  one  of  the  many  contributions  to  new  appliance  developments 
made  possible  by  Haydon  timing  devices.  A  synchronous  Haydon 
motor  with  a  shaft  speed  of  one  rpm  drives  an  eccentric  cam  against 
four  spring  contact  arms  which  make  and  break  contact  with  a 
second  set  of  parallel  arms.  The  gap  between  each  pair  of  contacts 
is  easily  adjusted  by  external  knobs,  varying  from  3%  to  1(X)% 
the  portion  of  each  cam  revolution  during  the  period  of  contact  .  .  . 
providing  infinite  control  of  heat  through  control  of  watts-hours  output. 
Haydon  is  equipped  to  provide  manufacturers  of  appliances  and 
machinery  with  timing  units  ranging  from  synchronous  motors  to 
complete  timers  and  controls.  .Haydon  will  be  pleased  to  furnish  a 
detailed  Engineering  and  Design  Catalog  —  to  submit  a  design 
or  quotation  on  specific  requirements,  either  from  the  factory  or 
at  your  desk. 

WRITE  2406  ELM  STREET,  TORRINGTON,  CONNECTICUT 


Miniature  Socket 

Cinch  Mfg.  Core.,  2335  W.  Van 
Buren  St.,  Chicago  12,  Ill.  A  new 
type  miniature  socket  features  a 
contact  construction  which  insures 
continuous  and  consistent  mainte- 


MANUFACTURING  COMPANY,  INC. 

TORRINGTON  CONNECTICUT 

HARNtiS  riMt  TO  YOUR  PRODUCTS 
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lObSNEPPERHAN  AVENUE.  YONKERS  3.  NEW  YORK 


PIPE  COUPLINGS 


ELECTBICAIXY  HEATED  PRESSURE  HEADS 


CONTINUOUS  FILM  RECORDING  CAl^IERAS 


AND  EQUIPMENT  FOR  CATHODE  RAY 


OSCILLOC.RAPH1'.  ETC. 


We  undertake  the  Design, 
Development  and  Manufacture  of 
any  type  of  Optical— Mechanical 
—Electrical  Instrument.  Includ¬ 
ing  Cameras  for  special  purposes. 


Avimo  Limited t  Taunton,  England  *  Telephone  Taunton  ^6)4 


Use  this  convenient  coupon 
for  obtaining  the  RCA  tube 
reference  data  you  need. 


RCA,  Commercial  Engineering, 

Section  P3(^-40,  Harrison,  N.  J. 

Send  me  the  RCA  publications  checked  below.  I 

am  enclosing  $ . to  cover  cost  of  the  books 

for  which  there  is  a  charge. 


in  BRUSHES 

for  high  current  density^  mini* 
mum  woorQlow  contact  drop 
low  oioctricat  noisoQse!f*luM* 
cation 

in  CONTACTS 

for  low  rosistancoQnon-wolding 
choractor 

GRAPHALLOY  works  whora  othars  won’M 
Spaeify  GRAPHALLOY  wHti  confldanca. 

.  *A  spacial  silvar-impragttatod  graphHa 


Address 


nance  of  critical  dimensions  and 
holding  tension  of  the  contact.  It 
is  available  in  1-inch  and  lA-inch 
mounting  centers,  plain  or  shielded, 
and  in  grounded  types  with  seven  or 
eight  contacts. 

Professional  Recorder 

Robinson  Recording  Laborator¬ 
ies,  2022  Sansom  St.,  Philadelphia 
3,  Pa.,  introduce  the  new  lathe  type 
recorder  for  professional  work  in 
radio  stations  and  recording  stu- 


dios.  Wow  factor  is  reduced  to 
0.01  percent  by  use  of  a  new  belt 
drive  and  dynamically  balanced 
components.  The  unit  also  fea¬ 
tures  a  ground  thread  feed  screw 
which  eliminates  the  feed  screw 
pattern. 

Loudspeaker 

Radio-Music  Corp.,  Port  Chester, 
N.  Y.  The  new  Hyper-Mag  loud¬ 
speaker  features  a  parabolic  pro¬ 
jector  and  frequency  range  from  50 


for  DEMONSTRATING  AND  TESTING  AUTO  RADIOS 

New  Models .  .  .  Designed  for  Testing  and  Operating  Auto  Radios 
and  D.  C.  Electrical  Apparatus  from  110  Volt  A.  C.  Lines.  Equipped  with 
Meter,  Voltage  Control,  and  Selenium  Rectifier,  Assuring  Noiseless, 
Interference-Free  Operation,  and  Extreme  Long  Life  and  Reliability. 


©  ■ 

AUTO  RADIO 

VIBRATORS 


N«w  AAodeh 


N«w  AAodcIi 


A  CowpfeK  liM  of  Vibrofor*  .  .  . 
D««ign«d  for  Um  in  Standard  Vibrator- 
Oparatad  Awto  Radio  Rocaivort.  Built 
with  Prucision  Construction,  foahiring 
Coramk  Stock  Spacort  for  Longur  lotting 
Ufo. 

r  s* 


STANDARD  AND 
HEAVY  DUTY 

INVERTERS 


for  hvortloQ  0.  C.  to  A.  C.  .  .  . 
Spociolly  Dotignod  for  oporoting  A.  C. 
Radios,  Tulovision  Sots,  Ampliflort,  Ad* 
dross  Systoms,  and  Radio  Tost  Equip* 
mont  from  D.  C  Voltages  in  Vohiclos. 
Ships,Trains,  Pianos  and  in  D.C.  Districts. 


American  Television  &  Radio  Co. 

QccciCctcf  'Pioductir  Sc*icc  193^ 

SAINT  PAUL  1,  MINNESOTA-U;  S.  A^ 
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NEW 


/tPeserfbes-  and  illustrates  the  various  spe¬ 
cial  IIELIPOT  designs  available— double  shaft  extensions,  multiple 
assemblies,  integral  dual  units,  etc. 


If  you  use  precision  electronic  components 
\  in  your  equipment  and  do  not  have  a  copy  of  this  helpful  llelipot 
^  Bulletin  in  your  files,  icrite  today  for  your  free  copy. 


CORPORATION,  1011  MISSION  ST.  SOUTH  PASAOENA  2,  CALIF. 


sion  investigations  and  cathodic 
protection  testing  both  in  field  and 
laboratory.  It  provides  all  of  the 
instrumentation  required  to  cover 
the  wide  range  of  d-c  current  and 
potential  measurements  necessary 
in  this  field.  The  unit  weighs  about 
23  pounds. 

Synchronizing  Generator 

Allen  B.  DuMont  Laboratories, 
Inc.,  42  Harding  Ave.,  Clifton, 
N.  J.  Type  5030-A  is  a  portable 
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f  the  unique  helical  principle  of  the 

HELIPOT  that  compacts  almost  four  feet  of  precision  slide  wire  into  a 
cose  only  inches  in  diameter  over  thirty-one  feet  of  precision 

slide  wire  into  a  cose  only  3'3  inches  In  diameter! 


/f6if/es~ 


f  9  \/ W  W  ^  full  details  on  the  DUODIAL  the  new  type 

turns-indicating  dial  thot  is  ideal  foriuse  with  the  HELIPOT  as  well  as 
with  many  other  multiple-turn  devices,  both  electrical  and  mechanicol. 


Do  yow  hovo  cemploto  data 
on  tbo  rovtolwtionary  now  HEllK>r— the  helical 
potontiometer-rheostot  that  provides  many  timet  greerter 
control  accuracy  at  no  increase  in  panel  space?. . .  or  on  the  equally 
unique  DUODIAl  that  greatly  simplifies  turns-indicating  applications?  If  you  are 
designing  or  manufacturing  any  type  of  precision  electronic  equipment,  you 
should  hove^it  helpful  catalog  in  your  reference  files . . . 


the  precision  construction  features 
found  in  the  iieliput  . . .  the  centerless  ground  and  polished 
stainless  steel  shafts— the  double  hearings  that  maintain  rigid 
shaft  alignment— the  positive  sliding  contact  assembly— and  many 
other  unique  features. 


i  Testing  Multimeter 

!  M.  C.  Miller,  1142  Emerson  Ave., 

■  W.  Englewood,  N.  J.  Model  No.  5 
is  a  multi-combination  meter  de- 
'  signed  for  electrolysis  and  corro- 


/f  ///c/$traf€S  - 


sional  and  electrical  data  on  the  many  types  of  HELIPOTS  that  ore 
available  .  .  .  from  3  turn-  1  ’  t  diameter  sizes  to  40  turn,  3  '  diameter 
sizes  ...  5  ohms  to  500,000  ohms  .  3  watts  to  20  watts  Also  Dual 

and  Drum  Potentiometers. 


NEW  PRODUCTS  (cmiHniMd) 

to  over  10,000  cycles  at  low  distor¬ 
tion.  It  is  fully  described  in  Bulle¬ 
tin  HS-1. 


Sweep  Signal  Generator 

Electronic  Corp.  of  America,  170 
53rd  St.,  Brooklyn  32,  N.  Y.  New 
York,  N.  Y.  An  f-m  and  television 
signal  generator  featuring  a  sweep 


width  of  500  kc  to  approximately 
10  me  with  a  60-cycle  horizontal 
sweep  output,  has  a  frequency 
range  of  2  to  227  me  in  three  bands. 
Price  is  $34.95  complete. 


NEW  PRODUCTS 


(continycd) 


telev’'^.I>)n  synchronizing  generator 
useful  for  testing  transmitters,  ex¬ 
perimental  development  and  labo¬ 
ratory  work.  Only  a-c  power  is  re¬ 
quired.  Half-line  driving  pulses 
are  provided  for  using  differential 
delay  techniques  necessary  for  long 
camera  cable  hookups.  The  instru¬ 
ment  weighs  about  50  lb. 

Synchronizing  Speed  Control 

Reliance  Electric  &  Engineer¬ 
ing  Co.,  Cleveland,  Ohio.  The  Short 
Stroke  Dancer  Roll  Control  is  de¬ 
signed  for  synchronizing  the  speed 


of  independently  driven  machines 
used  in  paper  finishing,  rubber  ex¬ 
trusion  and  other  continuous  proc¬ 
ess  operations.  The  unit  has  been 
designed  for  230  volt  d-c  service 
and  a  maximum  current  of  2 
amperes. 

Audio  Amplifiers 

Setchell  Carlson,  Inc.,  2233  Uni¬ 
versity  Ave.,  Saint  Paul  4,  Minne¬ 
sota.  Model  PA722  master  ampli¬ 
fier  and  model  B422  booster  are 
illustrated.  As  many  as  ten  boosters 
can  be  used,  each  one  providing  its 
own  25-watt  output  with  separate 
gain  control.  The  booster  units  are 


J 

from  this  NEW,  IMPROVED 

MAGNETIC 
PHONO  PICK-UP 


$  Profit  and  Exquisite 
Record  Reproduction... 

JOBBERS  . . .  SERVICEMEN  . .  .  turn  service  calls  into 
profitable  sales  with  ease.  This  new  LEAR  Reluctance  Pick- 
Up  transforms  “flat”  old-fashioned  sound  into  full-toned 
modern  reproduction! 

This  new,  improved  High-Fidelity  Reluctance  Pick-Up  is  LEAR  engi¬ 
neered  to  excel  in  quality  of  performance  .  .  .  and  priced  for 
your  profit.  Replaces  millions  of  old  style  crystal  pick-ups 
now  in  use!  Jewel  stylus  eliminates  needle  changing  —  holds 
surface  noise  to  a  bare  minimum.  It  performs  a  miracle  of 
modernization  —  assures  full  tonal  beauty  of  sound  wherever 
installed. 

List  this  "hot"  teller  in  your  catalog!  Service  men  who  feature  the 
new  LEAR  Magnetic  Pick-up  will  pick  up  extra  profits  every 
day!  Cash-in  now-write  for  complete  discount  price  list  today! 


To  complete  your  LEAR  Sound  Service: 

New,  Improved  LEAR  PRE-AMPLIFIER,  List  Price-$9.90 

To  provide  additional  amplification  with  use  of  MP-103 
LEAR  Magnetic  Pick-up.  Can  be  connected  directly  to  old 
cp'ttal  cartridge  input.  High  voltage  and  filament  wires  pro¬ 
vided  for  connection  into  existing  equipment.  Two-position 
switch  permits  high-fidelity  response  to  finest  quality 
recordings. 

No.  PA-103  (not  shown  here) — LEAR  Tone  Arm  Assembly 
with  MP-103  Magnetic  Variable  Reluctance  Pick-Up  Car¬ 
tridge,  List  Price  $13.30. 

Designed  for  high-fidelity  reproduction  of  10'  and  12'  recor¬ 
dings.  Spring  counter-balance  provides  "feather  touch” 
operation  —  only  17  grams  sp'lus  pressure  on  record.  This 
reduces  record  wear  to  a  minimum.  Handsomely  finished 
in  brown  metallic. 

Factory  Reprasenfcrtivt -Distributor t:  A  few  choice 
territories  ere  stili  available  for  these  and  other 
fine  LEAR  Electronic  Products.  Write  today 

giving  full  details.  110  Ionia  Avo.  N.  W.  Grand  KopWs  2,  Mich. 
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5  SECOND  HEATING 


ADJUSTABLE  TIP 


BUILT-IN  SPOTLIGHT 


LONG  REACH 


DUAL  HEAT 


VACUUM-ELECTRONIC  ENGINEERING  CO 

316  37th  STREET  •  BROOKLYN  32,  N.  Y 


NEW  PRODUCTS 


(continued) 


SOLDERING  GUN 


Time  Saving-Money  Making  Features^ 


Two  Models 
100  Watts 
Single  heat 
100/135  Watts 
Dual  heat 


mechanically  attached  to  the  base 
of  the  amplifier  by  means  of  con¬ 
cealed  tiebolts. 


Gau88  Meter 

General  Electric  Co,,  Schenectady 
5,  N.  Y.  The  new  direct-reading 
gauss  meter,  with  a  probe  diameter 


your  radio  parts  distributor  or  electrical  whole- 
iaier.  Or  write  direct  for  bulletm. 


806  Packer  St.  •  Easton,  Pa 


of  0.052  inch,  permits  measurement 
of  fiux  in  small-gap  magnets  of 
standard  or  irregular  shape.  Also 
available  is  a  triple  kit  combining 
three  meters  of  different  ratings  in 
a  single  carrying  case.  Ask  for 
bulletin  GEC-238. 


MASS  SPECTROMETER 

LEAK  DETECTOR 

Makes  BIG  profits  by  finding  small  leaks 

The  Veeco  finds  small  holes,  locates  them  accurately. 
Highly  sensitive  vacuum  and  pressure. testing  finds 
small  leaks  in  industrial  equipment  and  finished 
products.  Quick,  dependable.  Now  successfully  used 
for  testing:  electronic  tubes,  glass-to-metal  seals, 
hermetically  sealed  systems,  condensers,  and  scores 
of  other  products.  Simple  operation.  Literature  LD-35 
upon  request. 

*  Man  ut  act  ur*d  undar  licansa  of  fha  Univrsity  of  Minnatota 


DETECTING  A 
SMALL  LEAK 
STOPPED  A  FLOOD 
,  IN  HOLLAND 


Literature, 


Laboratory  Instruments.  Tech¬ 
nology  Instrument  Corp.,  1058 
Main  St.,  Waltham  54,  Mass.  A 
new  bulletin  describes  and  illus¬ 
trates  types  410-A  r-f  oscillator 
and  310-A  Z-Angle  meter.  Speci¬ 
fications  and  simplified  circuit 
diagrams  are  included. 


Snap-Action  Switches.  Micro 
Switch,  Freeport,  Ill.  Microtips, 
the  first  issue  of  a  new  publica¬ 
tion,  promises  to  tell  in  following 


I'eeco  LEAK 
DETECTOR 
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new  products  (contiirntd) 

issues  how  plant  engineers  and 
electrical  maintenance  men  are 
using  snap-action  switches.  The 
pamphlet  is  punched  for  a 
standard  3-ring  binder  so  that 
each  copy  may  be  filed  for  ready 
reference. 

Magnetic  Iron  Powders.  C.  K. 
Williams  &  Co.,  Metallurgical  and 
Electronic  Division,  2001  Lynch 
St.,  East  St.  Louis,  Ill.,  offers  a 
brochure  filled  with  data  and  a 
price  list  on  a  variety  of  IRN  mag¬ 
netic  iron  powders.  Also  avail¬ 
able  is  the  condensation  of  an 
article  on  the  effective  permeabil¬ 
ity  of  h-f  iron  cores. 


Terminals.  Shakeproof  Inc.,  Di¬ 
vision  of  Illinois  Tool  Works,  2501 
North  Keeler  Ave.,  Chicago  39,  Ill. 
Catalog  A-S-51  contains  dimen¬ 
sional  data  and  general  informa¬ 
tion  to  simplify  selection  and 
specification  of  proper  wiring 
terminals  for  designers  and 
draftsmen  of  radios  and  electrical 
devices.  Working  drawings  of 
each  part  are  included. 

Crystal  Units.  Standard  Piezo 
Co.,  P.  O.  Box  164,  Carlisle,  Pa. 
Eleven  types  of  crystal  units  are 
pictured  in  a  4-page  folder.  Chief 
features  are  outlined  and  order¬ 
ing  information  is  given. 

Miniature  Speed  Changers.  Met- 
ron  Instrument  Co.,  432  Lincoln 
St.,  Denver  9,  Colorado.  Bulletin 
No.  100  shows  three  types  of  min¬ 
iature  speed  changers  with  a  table 
giving  all  of  the  standard  integral 
ratios.  Power  is  transmitted 
either  way  for  ratios  below  230  to 
1. 

Coaxial  Frequency  Meter.  Fre¬ 
quency  Standards  Corp.,  237 
Lafayette  St.,  New  York  12,  N.  Y. 
A  loose-leaf  perforated  folder 
points  out  the  prominent  features 
of  model  315A  frequency  meter 
which  covers  the  300  to  1500-mc 
range  in  four  overlapping  bands. 


Portable  Wire  Recorder.  Precis¬ 
ion  Audio  Products,  Inc.,  1133 
Broadway,  New  York  10,  N.  Y. 
Two  sides  of  a  single  sheet  show 


nSXISLE  SHAfT  CONTROL 
IS  AS  eoop  AS  YOU  neouiRE 


You  ccm  get  any  degree  oi  fidelity  and  sensitivity  you  need 
with  S.  S.  White  remote  control  flexible  shafts. 


Bear  in  mind,  these  shafts  were  developed  specifically  for 
control  service.  They  have  the  necessary  physical  proper¬ 
ties  to  provide  a  quality  of  control  that  satisfies  the  require¬ 
ments  of  most  applications.  Its  simply  a  matter  of  correct 
shaft  selection  and  application. 


Close-up  ol  Ilexible  shaft  connec¬ 
tion  to  a  rariable  resistor  through 
simple  worm  gearing.  With  ar¬ 
rangements  like  this  you  can  get 
smooth,  accurate  fingertip  control. 


Where  vernier  accuracy  is 
essential,  it  is  readily  obtained 
by  connecting  the  shaft  to  con¬ 
trol  and  controlled  members 
through  simple  gearing. 

GET  FULL  DETAILS  IN  THIS 
260-PAGE  FLEXIBLE  SHAFT 
HANDBOOK 

We'll  gladly  send  you  a  copy. 


free,  if  you  write  for 
it  on  your  business 
letterhead  and  men¬ 
tion  your  position. 


S.S.WHITE 


TNI  a  S.  WNITf  DINTAl  MFO.  CO. 


INDUSTRIAL 


DIVISION 


.DIRT,  t  l«  lAST  «0tk  ST..  NSW  YORK  I*.  N.  T.— 


tFd 


Mswu  Mun  teou  .  swcimt  eccntoaMt 
UMU  csmiie  see  esieeiwo  toott  >  mciM  resiwu  sDSMit 
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ENAMELED 

MAGNET 

WIRE 


A  product,  resulting  from  many  years  of 
research  in  the  field  of  fine  wire  manu¬ 
facture,  that  meets  the  most  rigid  re¬ 
quirements  of  radio  and  ignition  coils. 

A  new  coating  method  gives  a  smooth, 
permanently  -  adherent  enameling,  and 
mercury-process  tests  guarantee  perfect 
uniformity.  Great  flexibility  and  tensile 
strength  assure  perfect  laying,  even  at 
high  winding  speeds.  If  you  want  re¬ 
duction  in  coil  dimensions  without  sacri¬ 
ficing  electrical  values,  or  seek  a  uniform, 
leakproof  wire  that  will  deliver  extra 
years  of  service,  this  Hudson  Wire  prod¬ 
uct  is  the  answer. 


Also  manufacturers  of  high 
grade  cotton  and  silk  cov¬ 
ered  wires,  cotton  and  silk 
coverings  over  enomel  coat¬ 
ed  wires,  and  all  construc¬ 
tions  of  Litz  wires.  A  variety 
of  coverings  mode  to  cus¬ 
tomers'  specifications,  or  to 
requirements  determined  by 
our  engineers.  Complete  de¬ 
sign  and  engineering  facili¬ 
ties  ore  at  your  disposal; 
details  and  quotations  on 
request. 


WINSTED 


CONNECTICUT 


WITH  CUSTOM-BUILT  FEATURES 

Design  of  Bardwell  &  McAlister's  New  Commercial  Amplifiers 
embodies  the  principles  which  have  been  proven  in  custom-built 
units  developed  in  the  AAotion  Picture  Industry,  where  quality  is 
requisite.  Fully/licensed. 


e  The  renown  of  Imperial  os  the  finest  in 
Tracing  Cloth  goes  back  well  over  half  a 
century.  Draftsmen  all  over  the  world  prefer 
it  for  the  uniformity  of  its  high  transparency 
and  ink-taking  surface  and  the  superb  quality 
of  its  cloth  foursdation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  aga  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Impurial  Pencil  Tracing  Cloth. 
It  is  good  for  ink  os  well 


25w.  models  operate 
up  to  16  indoor  speak¬ 
ers,  effectively  cover 
outdoor  audience  of 
8000. 


Designed  &  fabricated 
by  manufacturers  of 
high  quality  Sound  & 
Recording  Equipment 
for  the  Motion  Picture 
Industry.  Union  made. 


12w.  models  operate  up 
to  8  indoor  speakers, 
effectively  cover  out¬ 
door  audience  of  2500. 


2  to  4  high  gain 
input  channels 
and  2  to  4  high 
or  low  gain  radio 
o  r  phonogroph 
input  channels. 


With  or  without 
professional  "T* 
type  bass  ond 
treble  equalizers. 


IMPERIAL 

TRACING 

CLOTH 


Output  impedances 
500,  250,  16  &  8 
ohms.  Overall  gain 
105  db.  Hum  level 
85  db  below  full 
output. 


'  High  fidelity  reproduction 

.  oiiy  setting  of  volume 

controls  up  to  full  rated 
'  ®“*P***  !•** 

distortion. 


Frequency  response 
flat  within  K  db  from 
50  to  10,000  cycles. 

Write  today  for  informative  catalog  &  Technical  data 
Dealer  inquiries  invited. 


SOLD  BY  LEADING  STATIONERY  AND  DRAW¬ 
ING  MATERIAL  DEALERS  EVERYWHERE 


ELECTRONIC  DIVISION 

BARDWELL  &  McALISTER,  INC. 

BOX  1310,  HOLLYWOOD  28,  CALIFORNIA 


PRODUCT 
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NEW  DEVELOPMENTS  IN 
VACUUM  CAPACITORS 


the  outstanding  features  and  tech¬ 
nical  specifications  of  the  Wire- 
master,  a  portable  wire  recorder. 
Frequency  range  is  from  40  to 
10,000  cps  and  the  unit  has  sepa¬ 
rate  listening  and  recording 
volume  controls. 


United  Electronics  Company 


When  the  older  types  of  vacuum 
condensers  were  designed,  the  sole 
conception  of  advantage  was  to  at- 
tein  a  voltage  breakdown  character¬ 
istic  higher  than'  could  be  accom¬ 
plished  with  condensers  of  the  same 
physical  size  with  air  or  other  sub¬ 
stance  as  dielectric. 

The  limitations  of  the  old  types  of 
vacuum  capacitors  resulted  princi¬ 
pally  from  high  R.F.  losses  and  a 
high  temperature  co-efficient.  This 
caused  considerable  capacitance 
drift,  and  the  added  heat  losses  in 
the  glass  envelope  led  to  external 
voltage  breakdown  or  internal 
breakdown  due  to  the  liberation  of 
gas.  Actual  seal  puncture  in  these 
early  type  vacuum  capacitors  was 
also  a  frequent  cause  of  failure. 
Extraneous  inductance  was  caused 
by  the  use  of  conventional  ferrous 
metal  rod  seals  and  copper  strand 
leads  soldered  to  the  terminal  caps, 
in  the  old  type  of  construction.  The 
higher  the  frequency  and  R.F. 
power,  the  more  these  limitations 
were  accentuated. 

Outstanding  features  of  UNITED 
vacuum  capacitors  are  the  employ¬ 
ment  of  large  copper  elements  and 
large  periphery  glass  to  copper 
seals,  and  end  caps  as  illustrated. 
This  construction  results  in  a  low 
temperature  co-efficient,  low  R.F. 
losses  and  low  inherent  inductance. 
End  flanges  as  well  as  terminals  are 
gold  plated  to  prevent  corrosion. 


Laboratory  Monitor.  Tracerlab, 
Inc.,  56  Oliver  St.,  Boston  10, 
Mass.  Model  SU-3  was  developed 
for  use  as  a  routine  contamination 
monitor  in  radioactivity  labora¬ 
tories.  Bulletin  No.  9  gives  a  12- 
page  description  of  the  instru¬ 
ment  complete  with  diagrams. 


'  a  c  u  u  m  Melting.  National 
Research  Corp.,  70  Memorial 
Drive,  Cambridge  42,  Mass.  The 
new  brochure  on  high-vacuum 
furnaces  outlines  equipment  for 
metallurgical  melting  and  casting 
in  the  micron  pressure  range. 
Components  are  sketched  and 
described,  and  a  bibliography  is 
included. 


Vacuum  Capacitor 
Cap — 50/60/35 


Type  designations  of  UNITED 
vacuum  capacitors  symbolize  their 
capacitance  ratings  and  their  maxi¬ 
mum  current  and  voltage  ratings — 
thus: 


Sound  Reproduction.  Terminal 
Radio  Corp.,  85  Cortlandt  St.,  New 
York  7,  N.  Y.  Amplifiers,  micro¬ 
phones,  loudspeakers,  and  wire 
recording  equipment  are  de¬ 
scribed  and  illustrated  in  an 
eight-page  catalog.  Prices  for  in¬ 
dividual  items  are  listed. 


Capacitance  Amperes  Potential 
(50  uuf)  (60)  (35  KV) 

The  numerals  are  significant  as 
shown  in  direct  relation  to  the  pre¬ 
fix  letters. 

The  5  types  listed  below  are  de¬ 
signed  for  peak  working  voltage  of 
35  KV. 


Receiving  Tube  Reference.  Radio 
Corp.  of  America,  Harrison,  N.  J. 
The  latest  edition,  form  1275-D,  is 
a  compact  and  informative  booklet 
on  receiving  tubes  for  television, 
f-m  and  standard  broadcast.  Price 
is  ten  cents. 


PRESENT  SIZES  AND  RATINGS 


Sound  Recorder.  Sound  Appara¬ 
tus  Co.,  233  Broadway,  New  York 
7,  N.  Y.  Literature  is  now  avail¬ 
able  on  the  newly  designed  model 
HPL  high  speed  recorder  and  re¬ 
quests  for  the  bulletin  “Sound  Ad¬ 
vances”  will  be  promptly  filled. 


UNITED  vacuum  capacitors  have 
OFHC  copper  elements  for  high  RF 
conductivity.  Low  temperature  co¬ 
efficients  and  noninductive  charac¬ 
teristics  make  these  units  desirable 
for  high  power,  high  frequency 
applications  where  space,  minimum 
drift  and  freedom  from  breakdown 
are  important  considerations. 


Write  for  a  copy  of  our  latest  cata¬ 
log  on  Transmitting  Tubes  featur¬ 
ing  the  Patented  Isolated  Getter 
Trap  and  Complete  data  on  Vacuum 
Capacitors. 

UNITED  ELECTRONICS  CO. 

42  Spring  Street 
Newark  2,  New  Jersey 


Portable  C-R  Scope.  Tektronix, 
Inc.,  1616  S.  E.  Seventh  Ave.,  Port¬ 
land  14,  Oregon.  A  recent  4-page 
folder  on  the  type  611  cathode-ray 
oscilloscope  gives  a  general  de¬ 
scription  of.  the  portable  unit 
along  with  a  thorough  treatment 
of  its  vertical  and  horizontal  de- 
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Peak 

Overall  Dimensions  j 

Tvp« 

Muf 

Clirmit 

R.  F.  Voltase 

Leoslk 

Width 

CAP-S5  30/  35 

85 

30  amps. 

35  KV 

6H’ 

8^' 

CAP.50  60  35 

50 

60  amps. 

35  KV 

• 

CAP.75  60  35 

75 

60  amps. 

35  KV  1 

• 

i  CAP-100  60 '35 

1  100 

60  amps. 

35  KV  1 

• 

• 

CAP-S50  60  35 

850 

60  amps. 

35KV  ! 

• 

3' 

Contact  terminal  diameter  13  16  ;  lenstli  83 

1  precition  toleratKe  d:  1  %  at  increaeed  cost. 

38  ;  standard  capacitance  tolerance 

±  can 

he  furnished  in 

NEW  PRODUCTS 


(CMtiHIMd) 


THE  NO.  92105 

SSSR 

Single  Sideband  Selector 

W«  Qnnounc*  th«  No.  92105  SingU 
Sideband  Selector,  see  April  OST  for 
technical  details,  which  permits  single 
sideband  selection  with  your  present 
receiverl  Produced  in  co-operation  and 
under  exclusive  U.S.  patent  license 
(2,364,163  and  ethers)  with  the  J.L.A. 
McLaughlin  Research  Laboratories. 


JAMES  MILLEN 
MFC.  CO.,  INC. 

MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


flection  systems.  Characteristics 
and  other  pertinent  data  are 
covered. 

Components.  Hugh  H.  Eby,  Inc., 
4741  Stenton  Ave.,  Philadelphia, 
Pa.,  announces  publication  of  a 
48-page  loose-leaf  catalog  show¬ 
ing  a  complete  line  of  components. 
Pertinent  dimensions  of  sockets, 
plugs,  connectors,  jacks,  terminal 


I  ej.  £.ora  ou,  ixew  lora  lu,  rt.  i. 

I  A  recently  issued  catalog  illus- 
I  trates  and  describes  a  variety  of 
;  microwave  test  equipment,  assem- 
!  blies  and  components. 

Service  Manual.  Clarostat  Mfg. 
i  Co.,  Inc.,  130  Clinton  St.,  Brooklyn 
I  2,  N.  Y.  The  new  127-page  manual 
I  is  a  compilation  of  all  standard 
type  radios  in  current  use,  based 
I  on  a  survey  by  leading  compilers 
i  of  service  data.  Price  is  50  cents 
per  copy. 

Precision  Switches.  Micro  Switch 
Corp.,  P.  0.  Box  561,  Freeport,  Ill. 
Temporary  data  sheet  41  gives 
characteristics,  diagrams  and 
prices  of  skeleton  switches.  Also 
available  is  a  loose-leaf  descrip¬ 
tive  sheet  showing  a  switch  in 
actual  operation. 

Electronic  Timers.  Radio  Corp. 
of  America,  Harrison,  N.  J.  Appli¬ 
cation  Note  AN-131  describes  the 
use  of  type  2D21  or  2050  thyra- 
trons  in  electronic  timer  circuits. 

I 

I 

I  Television  Antenna  System.  Work- 
j  shop  Associates,  Inc.,  66  Need- 
j  ham  St.,  Newton  Highlands  61, 
Mass.  Television  reception  by 
means  of  multiple  antennas  and  a 
coaxial  selector  switch  is  the  latest 
I  practical  slant  on  a  difficult  prob¬ 
lem.  Literature  is  now  available. 

,  Cathode-Ray  Equipment.  Allen  B. 
'  DuMont  Laboratories,  Inc.,  Clif¬ 
ton,  N.  J.  The  Oscillographer  is 
a  bi-monthly  loose-leaf  perforated 
publication  with  information  on 
different  types  of  c-r  tubes,  polar- 


you  need 
Radio  Parts. . . 


suitable  to  Volume 


Production. ..  it  may- 


pay  you  to  call  upon 


the  Design  Engineers 


of  United-Carr  and  its 


subsidiaries. 


They  have  helped  many 


manufacturers 


★  CUT  COSTS 


★  SPEED  PRODUCTION 

★  TURN  OUT  FINER 
FINISHED  PRODUCTS 


UNITED -CA.Rn 
TASTENER  Corp. 


^Axe/ts  or 
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FASnR,  SIMPLER 

AUDIO  ANALYSIS 

with  Model  AP-1 


PANORAMIC 
SONIC  ANALYZER 

R*duc«  limv,  complexity  and  cost  of  mak¬ 
ing  audio  moasuromonts  with  tho  unusual 
advantages  offered  by  the  Panoramic 
Sonic  Analyzer.  By  resolving  a  complex 
audio  wave  into  a  spectrograph  showing 
the  frequency  distribution  and  voltage  am¬ 
plitude  of  the  components,  Model  AP-1 . . . 

•  Eliminates  slow  point-by-point  fre¬ 
quency  checks  •  Provides  a  quick 
overall  view  of  the  audio  spectrum 

*  Enables  determination  of  changes 
in  waveform  content  while  parame¬ 
ters  are  varied  ■  Furnishes  simple 
presentations  for  production  line 


40  I  too  aoo  400  600  IK  ZK  4K6kI20>( 

CYCLES 

Panoramie  Sonic  Spectrograph  of 
7S0  cpt  square  wave. 

Use  Model  AP- 1  for  analyzing  . . . 

•  Harmonics  •  Intermodulation  •  Vibra¬ 
tion  •  Noise  •  Acoustics  *  Materials 

Features... Continuous  scanning  from  40- 
20,000  cps  in  one  second  *  Wide  input 
voltage  range  *  Linear  and  log  voltage 
scale  •  Closely  logarithmic  frequency  scale 

•  Built-in  voltage  and  frequency  calibro- 
tor  •  Simple  operation. 

WRITE  for  detailed  specs,  price  and  delivery. 


CORP 


RRDIO 


92  Gold  St.  Cal*'*  Address 

New  York  7,  N.  Y.  PANORAMIC.  NE W  1 

Exclusive  Canadian  Representative;  Canodian  Morconi 


Am  PE  RITE 

MICROPHONES 

The  ultimate  in  microphone  quality,  the  new  Amperite 
Velocity  has  proven  in  octual  practice  to  give  the  high¬ 
est  type  of  reproduction  in  Broadcasting,  Recording,  ond 
Public  Address. 

The  major  disadvantage  of  pre*war  velocities  has 
been  eliminated — namely  “boominess"  on  close 
talking. 

•  Shout  right  into  the  new  Amperite  Felocitf— or 
stand  2  feet  avsaj — the  quality  of  reproduction 
is  always  excellent 

•  Harmonic  distortion  is  less  than  1%  (Note:  best 
studio  diaphragm  mike  is.  500%  higher). 

•  Practically  no  angle  discrimination  .  .  .  120" 
front  and  back.  (Best  studio  diaphragm  micro¬ 
phones — discrimination  800%  higher). 

t#  One  Amperite  Velocity  Mi- 
crophope  will  pick  up  an 
entire  symphony  orchestra. 
STUDIO  TELOCITY,  finest  In 
quality ;  Ideal  for  broadcasting 

Models  BBOH.BSOL.Ust  fSe.Oe* 
There  le  an  Amperite  Micro- 
phone  for  every  requirement. 

WRITE  FOR  ILLUS- 
TRATED  4-PAGE  FOLDER 
giving  full  information  and 

„  - -  Pf'ce«- 


AMPERITE 
Velocity  Microphones 
for  Public  Address 
Models  RBHG,RBLG 
List  $42.00 


P.  O.  Dynamic 
Models  POH,  PUL 
List  fSt.AO 

Address  Inqnlry 
attention  Dept  M 


’Amperite  (omp_any_ij^c^  ..i; 

561  BROADWAY  NEW  YORK  12.  N.  Y.  '*’®* 


"Kontak”  Mikes 
Model  8KH,  Hot  flS.M 
Model  KKB,  Uot  $1S.00 

In  Canada : 

r——  Atlas  Radio  Corp 
inC.  560  King  St  W. 
V  Toronto,  Ont 


HEAT  RESISTANT  WIRES  FOR  EVERY  APPLICATION 


HAVE  YOU  A 

U  it  concerns  heat  and  age  resistance, 
we're  specialists  and  have  been  for 
twenty  years.  Whether  it  is  dropping 
excessive  voltages— maintaining  higher 
than  ambient  temperatures  in  equip¬ 
ment-high  current  conductors— heating 
element  leads  in  crystal  temperature 
control  ovens  —  if  it's  got  to  be  tough  to 
continually  withstand  wear  and  tear  . . . 


HEATING  UNITS 

V  HEATING  ELEMENTS 

RESISTANCE 
LINE  CORD 

THERMOCOUPLE  WIRE 

ASBESTOS  LEAD 
&  FIXTURE  WIRE 

INSUUTED 
RESISTANCE  WIRE 

FIBERGLAS 
INSULATED  WIRE  f; 

H  WIRE  TO  any  '  - 
SPECIFKATIOHSi 


■  ^  - 

tdewid  ccut  tfou  eiMdtv&i 

Send  your  electronic  control,  communications  or  appliance  wiV- 
■  ing  specifications  for  a  recommended  solution  by  our  engineers. 


FOR  A  TRIAL  ORDER  OR  A  CARLOAD  centuft 


THE  LEWIS  ENGINEERING  CO. 


NAUGATUCK 


D  L-Jl  f't  i  .L  -ij  J  L- 

CONNECTICUT 
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NEW  PRODUCTS 


(continued) 


Control  of 
VIBRATION 


Standard  RTFS  Size  Aircraft 
Mounting  Rack  with  revolution¬ 
ary  air-damped  vibration  isola¬ 
tors 

and  IMPACT 


coordinate  indicators,  h-v  power 
supplies,  oscillographs  and  like 
equipment. 

Speakers.  Altec  Lansing  Corp., 
250  W.  57th  St.,  New  York  19, 
N.  Y.,  gives  response  curves  and 
data  on  four  of  its  outstanding 
speaker  designs  in  a  recently 
issued  6-page  folder. 

• 

Synthetic  Sapphire.  Sapphire 
Products  Division,  Elgin  National 
Watch  Co.,  Aurora,  Ill.  An  8-page 
pamphlet  explains  the  uses  and 
properties  of  synthetic  sapphire  in 
industry. 

Wire  Recorder.  Electronic  Sound 
Engineering  Co.,  4344  Armitage 
Ave.,  Chicago  39,  Ill.,  has  a  bro¬ 
chure  describing  the  Polyphonic 
Sound  recorder  model  PS179. 
Frequency  range  of  the  system  is 
30  to  15,000  cycles. 

Metal-Backed  Screen.  General 
Electric  Co.,  Syracuse,  N.  Y.  A  new 
10-inch  metal-backed  direct-view 
television  picture  tube  that  gives 
better  pictures  at  more  normal 
ambient  light  levels  has  recently 
been  announced. 

Communications  Equipment. 
Browning  Laboratories,  Inc.,  Win¬ 
chester,  Mass.  A  4-page  brochure 
describes  the  line  of  tuners,  fre¬ 
quency  meters,  capacitance  alarm, 
and  other  devices. 

Instrument  Catalog.  Electro-Tech 
Equipment  Co.,  117  Lafayette  St., 
New  York  13,  N.  Y.  Catalog  48  il¬ 
lustrates  and  describes  a  line  of  in¬ 
struments  of  many  manufacturers 
from  A  battery  eliminators  to 
Wheatstone  bridges  in  65  pages. 

Carbon-Graphite.  Stackpole  Car¬ 
bon  Co.,  St.  Marys,  Pa.  Tube 
anodes,  battery  carbons,  ground 
rods,  electrical  contacts,  and  spec- 
trographite  are  among  the  many 
carbon  products  discussed  in  a 
new  44-page  booklet. 

Measuring  Frequency.  General 
Radio  Co.,  275  Massachusetts 
Ave.,  Cambridge  39,  Mass.  Volume 
XXII  No.  9  of  the  Experimenter 


.  .  .  with  special  emphfuis 
on  the  field  of  electronics 

We  nfTer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  commercial,  in¬ 
dustrial  and  military  applications  .  . .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 


A  letter  from  yon  will  give 
us  the  opportiHiily  to  dem- 
onstrnte  how  we  ran  help 
you. 

(lalalogue  on  reqneat 


THE  BARRY  CORPORATION 


Formefly  1.  N.  BA'IRY  CO..  INC. 

177  SIDNEY  STREET 
CAMBRIDGE.  MASS 


w 


IS  YOUR  PROBLEM 


QUANTITY — p  ■lit,  bwttoAt,  boHl*  copt.  hord- 
wor«,  con  b«  counted  ond  botched  in 

prncii*  prndntnrminnd  quontitint  of  tpoodt  «p 
to  15,000  por  minufo.  Important  tovingi  in 
labor  ond  ovorogot  oro  otturod  by  tho  tpood 
ond  occwrocy  of  tho  Pottor  Eloctronic  Countor. 
Count  Ootoctort  for  any  product  oro  ovoiloblo. 


ONE  OF  THESE? 


LENGTH— Wiro  or  strip  motoriol  con  bo  outo* 
moticolly  thoorod  or  morkod  io  procito  prodo* 
torminod  longths  ot  high  rotot  of  tpood,  ond 
if  roqwirod,  outomoticolly  ttockod  in  prodotor* 
minod  quontitiot.  Proctieolly  ony  dofinition 
of  mooturomont  con  bo  obtoinod. 


TIME^— Timo  intorvolt  con  bo  ootily  mooturod 
or  gonorotod  with  oxtromoly  high  occurocy 
through  tho  uto  of  Pottor  Countor  Chrono* 
graph  Intorvol  Timort.^  Rogiitrotion  of  moot* 
uromonf  it  rotoinod  until  rotot.  Accurocy  of 
ono  port  in  1,600,000  con  bo  providod. 


-then  COUNT  on  a- 

POTTER 

High-Speed  Predetermined 

ELECTRONIC 

COUNTER 

Ft)r  appraisal  ot  Vour  count- 
in^;.  tiniiiii.;  or  t-ontrol  piob- 
leni,  aililress:  iiiqu’ries  lo 
Dept.  6-J,  Potter  Inslriinient 
Cotiipatvv.  IJd-.Sb  Roosevelt 
Ave..  l-liishiiT.  Ni-\v  York. 


CAM  SEQUENCE^— Sinct  tho  oicctronic 

countort  con  bo  orrongod  to  prodotormino  ony 
toquonco  of  toloctod  counts,  thoy  con  bo  rood* 
ily  ond  odvontogooutly  tubstitutod  for  comi, 
goort.  pottornt,  choint  ond  othor  tyttomt  of 
timing  control.  Control  by  obtoluto  count  ot* 
turot  high  occurocy,  foitor  oporoting  tpoodt,, 
tinco  thoro  oro  no  moving  ports  to  woor. 


FREQUENCY^— Pottor  Eloctronic  Countort 
provido  on  oxoct  ratio  of  division  which  it 
mointoinod  ovon  though  tho  input  froquoncy 
it  voriod.  If  tho  input  froquoncy  it  stoppod 
tho  output  olto  stops.  Proquonciot  con  bo 
measured  or  gonorotod  with  high  procttion. 
Square  wovet  of  vorioblo  froquoncy,  pulse* 
width  ond  number  con  bo  ootily  gonorotod. 


REVOLUTION^— Through  oloctromognotic  or 
photoelectric  pickup,  shoft  retotion  con  bo  oc* 
curotoly  counted  or  timed  without  phyiicol 
contoct.  Proctionol  ports  of  o  revolution  con 
bo  mooturod  or  usod  to  control  outomotic 
mochino  procottot  ot  o  function  of  prodotor* 
minod  ceuntt. 
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new  products  (contliNid) 

describes  the  type  1141-A  audio¬ 
frequency  meter  as  well  as  the 
1231-B  amplifier  and  null  detector. 
Illustrations,  schematic  diagrams 
and  characteristic  curves  of  both 
units  are  also  .shown. 


Miniature  Iron.  Television,  Inc., 
New  Rochelle,  N.  Y.  The  Soldetron 
miniature  soldering  copper  oper¬ 
ates  from  a  storage  battery  or  6- 
volt  transformer  and  is  described 
in  a  sheet  recently  issued. 

Plastic  Bulletin.  Pabri-Form  Co., 
100  Seneca  St.,  Byesville,  Ohio. 
Some  of  the  newest  ways  to  use 
plastics  are  shown  in  a  new  12- 
page  bulletin.  Over  fifty  draw¬ 
ings  and  photographs  illustrate 
detailed  parts  in  a  manner  that  is 
simple  to  the  la3anan. 


H-F  Conductor.  Titefiex,  Inc.,  591 
Frelinghuysen  Ave.,  Newark  5, 
N.  J.  Water-cooled,  flexible  leads 
for  use  in  conducting  high-fre¬ 
quency  currents  are  described  in 
a  folder  just  issued.  List  prices 
are  included. 


Timing  Motors  and  Devices.  Hay- 
don  Mfg.  Co.,  Torrington,  Conn. 
Of  value  to  engineers  and  design¬ 
ers  is  the  16-page,  2-color  catalog 
No.  320  on  synchronous  timing  mo¬ 
tors,  timing  devices  and  clock 
movements. 

Miniature  Tubes.  Tung-Sol  Lamp 
Works  Inc.,  Newark  4,  N.  J.  Actual 
sizes,  advantages  and  applications 
of  a  line  of  miniature  electron 
tubes  are  discussed  in  a  six-page 
pamphlet. 

Molded  Metal  Products.  Keystone 
Carbon  Co.,  1935  State  St.,  Saint 
Marys,  Pa.  A  four-page  circular 
covers  powder  metallurgy  parts, 
motor  and  generator  brushes,  and 
negative  temperature  coefficient 
resistance  units.  Various  types  of 
each  line  are  illustrated. 


Radio  and  Recorder  Catalog.  Hoff¬ 
man  Radio  Corp.,  Los  Angeles, 
Calif.,  has  published  a  16-page 
catalog  of  its  1948  line.  The  bro¬ 
chure,  specially  featuring  the 


For  Unusual  and  Difficult  Requirements 

USEf^^ 

TRANSFORMERS 

•  Research 

•  Models 

•  Testing 

STEEL  >X'hen  a  steel  company  en¬ 
gineer  was  presented  with  a  problem 
of  testing  steel  with  an  application  of 
variable  frequency,  an  oscillator  out¬ 
put  impedance  as  low  as  0.0 1  ohms 
was  required  over  a  wide  Frequency 
range. 

Through  the  aid  of  ADC  engineers 
and  the  use  of  special  ADC  designed 
transformers  a  regular  oscillator  was 
equipped  to  perform  the  test  satisfac¬ 
torily  with  great  savings  in  time  and 
money  to  the  steel  company.  Remem¬ 
ber  ADC  as  a  transformer  source  for 
unusual  and  difficult  assignments  as 
well  as  for  high  quality  and  depend¬ 
able  production  transformers. 


COMMUNICATIONS  To¬ 
day  a  large  utility  company  has  a  sat¬ 
isfactory  communication  system  be¬ 
tween  its  central  location  and  its 
mobile  units  because  ADC  engineers 
worked  out  technical  transformer  ap¬ 
plications  for  the  maker  of  a  power 
line  carrier  telephone.  From  model 
stage  to  production  this  company  de¬ 
pended  upon  the  skill  of  ADC  trans¬ 
former  design  and  production.  You, 
too,  will  find  ADC  helpful  in  all  un¬ 
usual  model  work  as  well  as  produc¬ 
tion. 

ENGINEERING  The  devel¬ 
opment  of  a  computer  to  check  the 
muzzle  velocity  of  a  cannon  with 
greater  accuracy  required  many  spe¬ 
cial  transformer  applications.  This 
job  is  typical  of  scores  of  development 
tasks  presented  to  ADC  engineers 
from  university  laboratories,  com¬ 
munication  developments,  guided 
missile  programs  and  developmental 
engineers  everywhere.  ADC  supplies 
transformer  “know  how”  with  excel¬ 
lent  transformer  production  to  assure 
you  a  reliable  source  of  dependable 
transformers. 


Have  an  ADC  catalog  in  your  file  for  ready 
reference.  Write  us  about  your  special  problems. 

Foreign  Inquiries  So/ierfod.  Cobfo  addrtst:  AUDIVCO  MINNEAPOLIS 


development  CO 

M  "Audio  Dovolops  thm  Finttt" 

2833  13th  AVE.  SOUTH  •  MINNEAPOLIS  7,  MINN. 


Models 


Development 
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PRECISION 


APPARATUS  CO.,  Inc 
92-27  Horace  Harding  Blvd 
Elmhurst  1  0,  N.  Y. 


pocicetlol  ol  I 

PBBCISION 


ANITHER 
SPECIAL  BT 
PIOBRESSIVE 


detail 


enlarged 


I,  and  «»«*P 

othw  I'  -Q 
.  lor  ”• 


tobbingio^ 


nob>wooo 


S«lf-Contaln«d  to  6000  V 
5  Mogs,  600  MA,  -1-70  DB, 
with  full  siso 

3"  Roctangwlar  Motor 


S«rin  40  Com¬ 
plete  with  ohm- 
nieter  bitterlei 
and  teal  leadi. 


In  custom  molded  carrying  case.  Series  40  is 
ideally  dimensioned  and  engineered  as  a  port¬ 
able,  compact  test  set  to  withstand  hard  usage 
os  imposed  by  the  maintenance  engineer,  pro¬ 
duction  inspector,  trouble-shooter,  etc. 

Series  40  oilers  features  and  components  os  in¬ 
corporated  in  “Precision's"  larger  test  sets, 
including:  Rotary  Selection— 1%  shunts  and 
multipliers  —  heavy  duty  insulat^  pin  jacks  — 
Large  numeralled,  easy  reading  meter. 

ALL  RANGES  are  SELF-CONTAINED. 

NO  EXTERNAL  BATTERIES 
OR  MX7LTIPLIERS  ARE  REQUIRED. 

——RANGE  SPECIFICATIONS  — 

it  6  A.C.-D.C.  &  Output  Voltage  Ranges: 

all  at  1000  ohms  p>er  volt. 
0-3-12-60-300-1200-6000  volts. 
if  4  D.C.  Current  Ranges:  0-. 6-6-60-600  MA. 
it  3  Resistance  Ranges:  self-contained  batteries. 

0-5000-500,000  and  0-5  megohms. 
if  6  Decibel  Ranges  from  -22  to  -1-70 
if  Full  Sise  3"  Rectangular  Meter: 

400  microamperes  ±2%  accuracy. 

-^1%  Wirewound  &  Metallised  Resistors. 
if  Only  2  Pin  Jacks  serve  all  standard  functions. 
if  Recessed  6000  volt  safety  jack. 
if  Anodized,  etched  aluminum  panel: 

resistant  to  moisture  and  wear. 

Sec  this  nrw  "Precision"  Test  Set  now  on  display  at 
all  leading  radio  parts  and  equipment  distributors,  or 
write  directly  for  the  Precision  1948  catalog  describing 
the  complete  Precision  line  of  quality  Electronic  Test 
Instruments  for  all  phases  of  modern  radio-electronics  — 
A.M..  F.M.  and  TV. 


Emulsions 


Materials  for  potting,  dipping  or  impreg¬ 
nating  all  types  of  radio  components  or  all 
kinds  of  electrical  units.  •  Tropicalixed 
fungus  proofing  waxes.  •  Waterproofing 
finishes  for  wire  jackets.  •  Rubber  finishes. 
•  Inquiries  and  problems  invited  by  our  en¬ 
gineering  and  development  laboratories. 


YEARS 


Zophar  Mills,  Inc.  has  bean  known  for  its  dependable  service  and 
wnifomiity  of  product  since  1846. 


ZOPHAR  MILLS,  Inc 


117  26tli  STREST,  BROOKLYN,  32  N.  Y 


Export  Division:  458  Broodway,  N.  Y.  City,  U.S.A. 
Cables:  MORHANEX 


NEW  PRODUCTS  (continued) 

Wirecord  and  Musicord,  is  spiral 
bound,  profusely  illustrated  and 
printed  in  three  colors. 

Pins  and  Leads.  The  Bead  Chain 
Mfg.  Co.,  Mountain  Grove  and 
State  Streets,  Bridgeport  5,  Conn. 

Multiswage  contact  pins  are  con¬ 
structed  with  a  hole  through  the 
entire  length  to  facilitate  thread¬ 
ing  lead  wires.  The  contact  pins 
are  used  for  radio  tubes,  panel- 
mounted  terminals,  jacks,  and 
leads  for  miniature  and  other 
radio  tubes. 

Insulating  Material.  General 
Ceramics  and  Steatite  Corp.,  Keas- 
bey,  N.  J.  Catalog  3000  shows 
various  methods  of  producing 
steatite  insulators.  Different 
types  and  shapes  are  discussed 
with  mechanical  drawings  given 
throughout. 

Test  Instruments.  General  Elec¬ 
tronic  Distributing  Ce.,  98  Park 
Place,  New  York  7,  N.  Y.  Several 
models  of  tube  and  set  testers, 
volt-ohm-milliammeters,  signal  ! 
generators  and  tracers  are  de¬ 
scribed  in  an  8-page  catalog. 

Specifications  and  price  of  each 
are  given. 

Phase-Shift  Modulator.  Radio  En¬ 
gineering  Laboratories,  Inc.,  35-54 
36th  St.,  Long  Island  City  1,  N.  Y. 

Bulletin  5030  contains  a  descrip¬ 
tion  of  characteristics,  functions  ' 
and  technical  specifications  of  the 
Serrasoid  phase-shift  modulator 
for  f-m  broadcasting. 

Metered  Variable  Transformers. 

Standard  Electrical  Products  Co., 

400  Linden  Ave.,  Dayton  3,  Ohio. 

A  four-page  folder  describes  a 
new  line  of  Adjust-A-Volt  metered 
variable  transformers,  including 
isolated  primary  transformers 
with  secondary  voltages  of  0  to 
140  volts  and  autotransformers 
with  the  same  output  voltage. 

Radio  Service  Encyclopedia.  P.  R. 

Mallory  &  Co.,  Inc.,  Indianapolis, 

Ind.  The  sixth  edition  of  this  ref¬ 
erence  book  of  useful  service  in¬ 
formation  contains  25  percent 
more  listings  than  the  fifth  edi- 

ELECTRON  ICS  — June,  1948  22} 


i.)i  \\r,.sr  mil  m..  new  yokk 


MEASUREMENTS^XCORPORATION 


NEW  JERSEY 


MULTIPLE  ARM  RELAYS 


Sensitive 


SIGNAL  ENGINEERING  offers  a  new  series  of  small,  rugged, 
general  purpose  Multiple  Arm  Relays  adaptable  to  a  wide  variety 
of  circuit  arrangements. 

OUTSTANDING  FEATURES: 

Mounting  area  minimized.  Ver-  ||[  LI  A 
tical  balanced  armature,  in-  ||r|  IK 

terchangeable  unit  contact  UbViEiI 

pile-ups.  Unusually  high  con- 
tact  pressures.  Shock  and  vi- 
bration  resistant.  Four  styles  HImBImu 
assemblies: 

2.  Octal  base  and  removable 

3.  Octal  base  and  hermetically 
sealed  cover. 

4.  Header  type  container,  her 
metically  sealed. 

RELAYS  •  SIGNALS  •  CODE  CALL  •  (Interior)  FIRE  ALAdM 
DEVICES  and  SYSTEMS  for  Controlling  Electrical  Equipment 

for 

50-6  containing 

complete 

neering 


Series  61  Octal  Base 
(removable  dust  cover). 


STANDARD  SIGNAL  GENERATOR 


RANGE 
75  KC 


Individually  Calibrated  Scale 

OUTFUT:  Continuously  variable,  .1  microvolt  to  2.2  volts. 

OUTPUT  IMPEDANCE:  5  ohms  to  .2  volt,  rising  to  15  ohms  at 
2.2  volts. 

MODULATION:  From  zero  to  1(X)%.  400  cydes,  1000  cydes 
and  provision  for  external  modulation.  Built-in,  low  dis¬ 
tortion  modulating  amplifier. 

POWER  SUPPLY:  117  volts,  60  cydes,  AC 
DIMENSIONS:  11"  high,  20"  long,  10%"  deep,  overall. 

WEIGHT:  Approximately  50  lbs. 

Catalog  on  request 


MANUFACTURERS  OF 
Standard  Sign^  BMarators 
Pulsa  Cenarators 
FM  Signal  Gemrators 
S^ara  Wava  Gaimators 
Vacuum  Tuba  Voltmatars 

UNF  Radio  Noisa  A  FMd 
Strangtli  Maters 

Capacity  Bridges 

Magobm  Matws 

Pbasa  Saquenca  ImScators 

%  Tdevision  and  FM  Test 
Equipmant 


NEW  PRODUCTS  (continued) 

tion.  A  reference  to  Rider’s  Man¬ 
ual,  volume  and  page  number  for 
each  receiver,  is  shown.  The 
encyclopedia  is  available  at  a  net 
price  of  $2.00. 


A  NEW  OSCILLOSCOPE  WITH 
EQUAL  HIGH  GAIN  D.C. 
AMPLIFIERS  ON  BOTH  X  &  Y 
DEFLECTION  PLATES. 


Frequency  range  on  both  plates 
from  0  to  3  Mc/s;  3  db  loss  at  3 
Mc/s;  sensitivity  17  mV  per  inch  rms. 


Revolving  Antenna.  Kings  Elec¬ 
tronics,  372  Classon  Ave.,  Brook¬ 
lyn  5,  N.  Y.  A  looseleaf-perfor- 
ated  folder  gives  the  chief  fea¬ 
tures  and  prices  of  several  models 
of  Roto  Beam  dipole  rotating  an¬ 
tennas  for  the  elimination  of 
ghosts  and  weak  stations  in  tele¬ 
vision  reception.  Typical  installa¬ 
tions  are  shown. 


Application  for  industrial,  radio, 
radar,  television,  medical  and  gen¬ 
eral  use. 


Delivery  ex-stock;  spares  avail 
able. 


Loud  Speakers.  Magnavox  Co., 
Fort  Wayne  4,  Ind.,  Has  just  issued 
a  complete  compilation  of  all  per¬ 
tinent  engineering  data  with  illu¬ 
strations  and  dimensional  infor¬ 
mation  covering  all  current  models 
of  loudspeakers  available  to  man¬ 
ufacturers. 


Among  recent  purchasers  of  the  Furzehill  1684D  'scope  are: 

University  of  California — National  Advisory  Committee  for  Aeronautics — 
British  Broadcasting  Corporation  —  Metropolitan  Vickers  Ltd.  —  National 
Physical  Laboratory,  Teddington — Phillips  Petroleum  Company — Standard 
Telephones  and  Cables — St.  Bartholomew’s  Hospital — University  of  New  York. 

Prices  and  all  details  on  request  from; 

AMERICAN  BRITISH  TECHNOLOGY,  INC. 

57  Park  Avenue,  New  York  16,  N.  Y. 

Canadian  Agents: 

SHEPPARD  LABORATORIES,  LTD.,  104  Sparks  St.,  Ottawa,  Canada 


Oscillograph  Photography.  Fair- 
child  Camera  and  Instrument 
Corp.,  88-06  Van  Wyck  Bivd.,  Ja¬ 
maica  1,  N.  Y.  The  Oscillo-Record 
camera  is  designed  for  recording 
cathode-ray  oscillograph  images. 
A  complete  description  along  with 
specifications,  accessories  and 
catalog  listings  can  be  found  in  a 
recent  12-page  booklet. 


Connecting  Devices.  Howard  B. 
Jones  Div.,  2460  W.  George  St., 
Chicago  18,  Ill.  Catalog  16  lists 
various  types  of  electrical  con¬ 
necting  devices  together  with 
photographs  and  sketches  of  the 
products  to  facilitate  ordering. 


SPECIALTY 

DRY 

BATTERY 


Resistors.  Precision  Resistor  Co., 
336  Badger  Ave.,  Newark  8,  N.  J., 
has  issued  a  4-page  bulletin  set¬ 
ting  forth  a  variety  of  inductive 
and  noninductive  resistors.  The 
latest  catalog  covering  wire- 
wound  resistors  in  full  detail  may 
be  had  on  request. 


if  you  are  looking  for  hord- 
to-get  or  special  dry  batteries, 
write  us.  We  design,  create 
and  manufacture  to  your 
requirements. 


Remote  Control.  Eclipse-Pioneer 
Div.,  Bendix  Aviation  Corp.,  Teter- 
boro,  N.  J.  An  8-page  bulletin 
711-21  illustrates  a  remote  torque 
control  system.  The  control  com¬ 
prises  a  transmitting  synchro, 
amplifier,  and  the  torque  unit. 


SEND  FOR  THIS  FREE  CATALOG 
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CENTRAL  PAPER  COMPANYinc 


■  HCT«IC»t. 


2442  Lalceshera  Drive  Muskegon,  Mich. 


Are  you  getting 
ALL  the  advantag 
that  PAPER  offer 


NEWS  OF  THE  INDUSTRY 

(continued  from  p  139)  I 

rights  and  privileges  of  the  society,  j 

(4)  Associates: — Any  person  in¬ 

terested  in  the  objectives  of  the 
audio  engineering  society  shall  be  j 
eligible  to  election  to  associate 
membership  in  the  society  and  shall 
upon  election  become  entitled  to  all 
the  rights  and  privileges  of  the  so¬ 
ciety,  except  the  right  to  vote  or  to 
hold  office  or  chairmanship  of  stand¬ 
ing  committees.  However,  associ¬ 
ates  of  record  at  the  institution  of 
the  society  shall  have  the  right  to 
vote  as  long  as  membership  shall  be 
continuous  and  maintained.  i 

(5)  Student  Members: — A  stu-  j 
dent  interested  in  audio  engineer¬ 
ing  and  enrolled  in  a  recognized 
school,  college  or  university  may 
apply  for  student  membership  in 
the  society.  Upon  election,  how¬ 
ever,  a  student  member  shall  not  be 
eligible  to  vote  or  for  membership 
on  committees  except  in  his  local 
student  chapter. 

(6)  Sustaining  Members: — Any 
person,  corporation  or  organization 
annually  contributing  substantially 
to  the  Society  shall  be  eligible  for 
election  to  sustaining  membership 
in  the  society. 

Regular  meetings  will  be  held  on 
the  second  Tuesday  of  each  month 
except  during  July  and  August, 
with  an  annual  meeting  each  Octo¬ 
ber.  The  annual  dues  shall  be  as 
follow’s :  honorary  member,  none ; 
fellow’,  $7.50;  member,  $7.50;  asso¬ 
ciate  member,  $6.00;  student,  $3.00. 

IRE  Plaii8  Group  System 

Two  TYPES  of  professional  groups 
will  soon  be  formed  within  the  IRE : 

(1)  vertical — illustrated  by  the 
broadcast  engineering  group  and 

(2)  horizontal — as  in  the  audio, 
video  and  acoustic  group.  Each 
group  will  elect  a  chairman,  vice- 
chairman  and  executive  committee, 
to  look  after  its  own  interests. 

Other  groups  are  anticipated  to 
provide  a  further  integration  of 
the  vastly  expanded  fields  of  com¬ 
munications  and  electronics  into 
areas  of  special  technical  interests. 
An  individual  group  can  be  insti¬ 
tuted  by  petition  from  25  or  more 
members  of  the  Institute.  Each 
group  may  activate  its  own  com¬ 
mittees,  special  conferences,  and 
meetings,  and  may  expect  to  take 
charge  of  one  or  more  programs  at 


Work 

this  outstanding  iine  of 
eiectric  soidering. irons- 

BEM 

-  specified  by  the  big  names 
for  the  TOUGH  jobs: 

ir  MINNEAPOLIS  HONEYWELL 
if  RADIO  CORP.  OF  AMERICA 

★  STROMBERG-GARLSON 

★  WESTERN  ELECTRIC 

★  WESTINGHOUSE 

★  EMERSON 

★  KAISER 

★  BENDIX 

★  SPERRY, 
etc. 


PLUG  01  SCSW  W$ 
40  to  700  Wottt 
W  to  Tip  Dio. 

Follow  Ml*  leodort  and 
you’M  spKif  y  HEXACONI 
Thoy’tl  •fficionriy  solv* 
your  toldoring  -probloms 
tool  Write  for  litarotur*. 


Here's  the  famous 

HEXACON  HATCHET  TYPE 


These  irons  feature  bet¬ 
ter  balance  for  reduced 
operator  fatigue.  Effi¬ 
ciency  is  stepp^  up,  and 
quality  of  work  is  im¬ 
proved.  The  ideal 
iron  for  inaccessible 
and  intricate  jobs. 


HEXACON  ELECTRIC  CO. 

W.  CLAY  AVE..  ROSELLE  PARK,  NEW  JERSEY 


Central  Engineered  Electrical  Papers  are  among  the  most  versatile 
of  materials.  They  can  be  accurately  controlled  in  thickness,  porosity,  Ph,  weight 
and  many  other  characteristics.  Central  Electrical  Papers  can  also  be  made  with 
anti-rust  and  anti-tarnish  properties  .  .  .  they  can  be  creped  for  eosier  wrapping 
around  corners  .  .  .  they  can  be  juted  for  extra  strength  .  .  .  they  can  be  water¬ 
proofed  ...  or  almost  any  combination  of  these  properties  and  special  treotments 
may  be  had.  Thus  with  Central  Engineered  Electrical  Papers  you  con  have  mony 
combinations  of  physical  and  electrical  properties  to  suit  exactly  your  particular  design. 
The  Central  Paper  Engineer  knows  his  papers  and  is  backed  by  laboratory 
facilities  second  to  none  in  the  industry.  Discuss  your  design  problems  with  him. 

He  can  offer  many  helpful  suggestions  on  how  paper  can  help  you  produce 
better  products  at  lower  cost.  His  services  ore  yours  for  the  asking. 


^THIS 
FREEJI 
BOO^ 

^  contaiM  dotcf'oftflpectrieol  Paper  Properties 
)  ond^:widil^<^OTy  of  lomplet.  Write  for  your  copy  todoy. 
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W  STRIP-TYPE 

SELENIUM  RECTIFIERS 


PATS.  PEND. 


100  MA.  UNIT 


•  Max.  A.  C.  line  input  130  volts 


^  NEWS  OF  THE  INDUSTRY  (continued) 

Hn  sessions  of  National  and  Regional 
conventions,  as  well  as  provide  for 
limited  distribution  of  papers  of 
special  interest.  Correspondence  re¬ 
garding  the  formation  of  groups 
''  .should  be  addres.sed  to  L.  G.  Gum¬ 
ming,  technical  secretary  of  the 
IRE,  1  East  79th  St.,  New  York 

I  Coffin  Awards  Bestowed 

i  Six  Members  of  General  Electric’s 
r  Electronics  Department  have  re¬ 
ceived  the  Charles  A,  Coffin  award, 

I  highest  honor  bestowed  by  the  com¬ 
pany,  for  outstanding  work  during 
1946  and  1947  on  transmitting  and 
broadcasting  developments.  The 
recipients  are  as  folldws: 

William  F.  Goetter,  Ross  A.  Lash 
and  Henry  P.  Thomas  of  the  trans- 
I  mitter  division  at  Syracuse,  N.  Y., 

i  "  for  their  efforts  in  the  design  ahd 


ELECTBIC  DESIGN  &  MFG.  CORP. 

BURLINGTON,  IOWA 


•  Max.  Inst,  peak  current  1000 
Ma. 

•  Max.  inverse  peak  voltage  360 

•  Average  operating  temp.  105°F 

•  Dimensions:  4-1/16"  X  1-1/16" 
X  5/32" 

•  Other  Sizes:  75  Ma.  and  200 
Ma. 


Kotron’s  metallic  rectifying  elements  are 
mounted  in  one  plane.  Plates  cannot  con¬ 
tribute  heat  to  each  other.  Result — Cooler 
Operation  .  .  .  longer  life  .  .  .  increased 
circuit  efficiency.  Wafer-thin  Kotron  saves 
space,  mounts  easier. 

Write  for  Complete  Technical  Data,  Prices 
.»»»«•«—■  and  Delivery 


STANDARD  ARCTURUS  COIERORATION 


54  CLARK  STREET  •  NEWARK  4.  NEW  JERSEY 


HUmboldt  2-2400 
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BUILT  SPECIFICALLY 
FOR  YOU! 


Featuring  Greater  Accuracy 
Lower  Cost 

Precise,  Durable  Movements 

Peak  performance — as  planned 
by  YOUR  engineers — is  assured 
when  EDM  meters  are  used.  Our 
meters  are  custom  engineered  to 
your  specifications  —  precisely 
built  by  craftsmen  and  carefully 

UCIVIV  UCIliy  9llippCU«  ■ 

What  about  cost?  Let  us  assure  you  it  is  very  modest. 
You  don't  have  to  purchase  in  production  quantities  to 
enjoy  the  savings,  either! 

What  about  service?  It  is  fast,  economical.  Just 
send  us  your  specifications — you'll  get  delivery  when 
and  where  you  want  it. 

Just  tell  us  what  you  want — EDM  craftsmen  will  pro¬ 
duce  it  quickly  and  at  modest  cost. 

May  we  hear  from  you  soon? 


W.  F.  Goetter 


R.  A.  Laah 


B.  B.  Dome 


H.  P.  Thomas 


R.  P.  Watson 


K.  C.  DeWalt 


development  of  a  new  line  of  f-m 
broadca.st  transmitters. 

Robert  B.  Dome  of  the  receiver 
division  at  Syracuse,  N.  Y.,  in 


RESEARCH,  DEVELOP¬ 
MENT  AND  LOW  COST 
PRODUCTION  OF 


'  and  other 


‘‘WITHIN  THE  ENVELOPE” 

TUBULAR  STRUCTURES 
for  all  types  of 
I  ELECTRON  TUBES 

TO  STANDARD 
SPECIFICATIONS  OR 
SPECIAL  DESIGN 

I  ^Produced  under  Superior  polents 


SUPERIOR  TUBE  COMPANY 

ELECTRONICS  DIVISION 

2500  Germantown  Ave. 
NORRISTOWN,  PA. 


NEWS  OF  THE  INDUSTRY  (continued) 

»’ecognition  of  his  invention  of  a 
new  circuit  system  for  communica¬ 
tions  equipment. 

Robert  P.  Watson  and  F.  M. 
Bailey  of  the  tube  division  at  Sche¬ 
nectady,  N.  Y.,  a  joint  award  for 
work  in  developing  the  phasitron. 

Kenneth  C.  DeWalt  of  the  tube 
division,  for  transmitter-tube  pro¬ 
duction  accomplishments,  especially 
in  connection  with  the  Manhattan 
District.  ! 

i 

Marine  VHF  Service 

The  fcc  has  announced  its  decision 
to  establish  a  vhf  radiotelephone 
maritime  mobile  service  on  a  regu¬ 
lar  basis  for  the  operational  and 
business  needs  of  ships.  In  this 
connection,  class  2  experimental  ap¬ 
plications  have  already  been 
granted  for  certain  land  radiotele¬ 
phone  stations  and  associated  sta- 
1  tions  aboard  tugboats.  These  are 
j  of  an  interim  character  prior  to  the 
formulation  of  rules  for  the  reg¬ 
ular  service.  Further  interim 
grants  will  be  made  to  eligible  ap¬ 
plicants,  but  will  not  be  for  use  on 
a  common  carrier  basis.  Common 
carrier  experimentation  can  con¬ 
tinue  on  the  one  duplex  channel 
now  being  used. 

New  Technical  Society 

Formation  of  a  new  technical 
organization,  the  Standards  Engi¬ 
neering  Society,  was  recently  an¬ 
nounced.  Its  purpose  is  to  remove 
barriers  that  tend  to  isolate  various 
fields  of  engineering.  Members 
may  be  any  type  of  engineer — me¬ 
chanical,  industrial,  electrical — so 
long  as  their  work  is  concerned 
with  standardization. 

Stanley  Zwerling  of  the  Army- 
Navy  Electronics  and  Electrical 
Standards  Agency,  Eatontown, 
N.  J.,  was  elected  president,  and 
.•serves  on  the  steering  committee 
along  with  Harold  R.  Terhune  of 
RCA  Victor,  George  Burnett  of 
Sperry  Gyroscope  Co.,  P.  K.  Mc- 
Elroy  of  General  Radio  Co.,  and 
Karl  Geiges  of  the  Underwriters’ 
Laboratories,  Inc. 

Due  to  present  lack  of  office  space, 
membership  is  now  limited  to  the 
several  thousand  doing  standards 
work  in  or  near  New  York.  A  bul¬ 
letin,  to  be  published  after  each 
bi-monthly  meeting,  will  be  avail¬ 


ing  care  Red  Streak 
Acid-Free  tapes  and 
gummed  flat  sheets  are  made  to  con¬ 
form  to  the  most  critical  specifica¬ 
tions  and  are  uniform  throughout. 
Tests  for  free  acids  and  alkalines  are 
made  by  P  H  method.  Available  in 
materials  and  thicknesses  below. 
Write  for  your  Red  Streak  samples. 


•  .005  Red  Gummed  Fish 

•  .005  Gummed  White  Flexible  Holland 

•  .005  Gummed  Red  Rope 

•  .002  Gummed  Glassine 

•  .003-.004-.005-.006-.010  Kraft 

•  .005-.007-.010  Dark  Grey  Fish 

The  RIGHT  Add-Free  tape  lor  you  ' 


ThetaMjeMillsjnc. 

CHICAGO  Twqw  Ollifl  NtW  YORK 

608  S.  Dearborn  jj, 

ST.  LOUIS  SAN  FRANCISCO  SEATTLE 

4053  lindcll  Blvd  410  Morket  St.  3416  First  St. 
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237  Fairfield  Avenue 


Upper  Darby,  Pa 


SINE  WAVE 
CLIPPER 


Speeds  Accurate  Analysis  of  Audio  Circuits!  Simplifies 
Selection  of  Components!  Saves  Valuable  Time! 

Here’s  an  instrument  that  will  do  most  of  the  jobs  usually  assigned  to  a 
square  wave  generator  costing  about  10  times  as  much!  The  B&W  Sine 
Wave  Clipper  provides  a  test  signal  particularly  useful  in  examining  the 
transient  and  frequency  response  of  audio  circuits.  Designed  to  be 
driven  by  an  audio  oscillator,  the  clipper  provides  a  clipped  sine  wave^^ 
hence  the  name  "Sine  Wave  Clipper!"  Used  in  engineering  work,  repair 
work,  or  with  equipment  under  development,  it  will  quickly  pay  for 
itself  many  times  over. 

Writ*  for  complete  information 


r  FIA  WICSS 

Frequency  Response 

•  A.  M.  Up  to  10,000  eydos  witboit  loss. 

•  F.  M.  Hiib  Fidolily  10  Tibo  Anutmt. 


Designed  for  those  who  demand  the  highest  possible 
fidelity  in  radio  reception,  the  Collins  FM-AM  Tuner 
utilizes  the  most  advanced  engineering  principles  and 
finest  in  component  parts.  Two  separate  and  distinct 
tuners  are  used  having  only  the  audio  and  power  supply 
common  to  both.  This  17-tube  quality  tuner  features 
voltage  stabilization;  and  a  specially  de¬ 
veloped  tuning  eye  in  the  F.M.  circuit.  A 
full  line  of  accessories  is  available  for  the  _ 
Collins  Tuner. 

Write  today  for  full  details, 


able  to  anyone  interested,  and  the 
society’s  president  anticipates  for¬ 
mation  of  similar  groups  through¬ 
out  the  country. 

New  Microwave  Chains 

The  FCC  Has  authorized  the 
American  Telephone  and  Telegraph 
Co.  to  construct  two  experimental 
microwave  relay  chains — one  be¬ 
tween  Chicago  and  Milwaukee  and 
the  other  linking  Detroit  and  To¬ 
ledo — to  provide  common  carrier 
service  including  television  trans¬ 
mission.  Equipment  and  services 
proposed  are  similar  to  those  now 
in  effect  in  the  New  York-Boston 
microwave  chain.  Construction  is 
to  be  completed  by  June  15,  1949  at 
an  estimated  cost  of  $1,400,000. 

Name  NEC  Officers 

The  National  Electronic  Con¬ 
ference,  Inc.,  which  will  hold  its 
annual  technical  forum  Nov.  4,  6 
and  6  at  the  Edgewater  Beach  Ho¬ 
tel,  Chicago,  Ill.,  has  named  W. 
C.  White  of  General  Electric  Co., 
Schenectady,  N.  Y.,  as  chairman  of 
the  board  of  directors  for  1948. 

Other  officers  elected  are : 

President — EJ.  O.  Neubauer  of  Illinois 
Bell  Telephone  Co. 

Executive  vice-president — G.  H.  Pett  of 
the  U.  of  Illinois. 

Secretary — R.  R.  Buss  of  Northwestern 
Technological  Institute. 

Treasurer — O.  D.  Westerberg  of  Com¬ 
monwealth  Edison  Co. 

Vice-president  in  charge  of  arrange¬ 
ments — Karl  Kramer  of  Jensen  Mfg.  <'o. 

Vice-president  In  charge  of  program — 
H.  A.  Leedy  of  Armour  Research  Founda¬ 
tion. 

Vice-president  in  charge  of  publicity — 
L.  G.  Killian  of  Cook  Research  I.Abora- 
tories. 

Vice-president  in  charge  of  publication 
— A.  H.  Wing  of  Northwestern  Techno¬ 
logical  Institute. 

Chairman  of  exhibits  committee — J.  A. 
-M.  Lyon  of  Northwestern  Technological 
Institute. 

Chairman  of  hotels  committee — R.  K. 
Metcalf  of  Illinois  Bell  Telephone  Co. 

Oak  Ridge  to  Have 
Graduate  School 

A  GRADUATE  engineering  practice 
school  for  training  in  atomic  en¬ 
ergy  plant  work  will  be  established 
in  July  at  Oak  Ridge,  Tenn.,  by  the 
Massachusetts  Institute  of  Tech¬ 
nology.  The  production  plants  of 
the  Atomic  Energy  Commission  at 
Oak  Ridge  will  be  utilized  in  the 
work.  The.se  include  the  gaseous 
diffusion  and  electromagnetic 
plants  and  the  Oak  Ridge  National 
Laboratory. 

Courses  (five  months  each)  will 
be -open  only  to  United  States  citi- 
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for 

LIGHTING 

POWER 

FURNACES 

PHASE 

CHANGING 

DISTRIBUTION 

ETC. 


Air,  Oil. 
or  Wator 
Coolod 


Cost  is  a  Factor 

CONSIDER 


'Controlled  Porlormanto” 

COILS 


ConrUlMt  hlfh  qwolity  In  Trontforiiiqr* 
and  ‘'mada-ta-tpaciflcallon”  Windings 
for  ovor  a  qwartar  of  o  contury. 

SPECIFICATION  DATA  INVITED 
FROM  LARGE  VOLUME  USERS 


BEST  MANUFACTURING  CO.  INC. 

1203  GROVE  ST. 
IRVINGTON  11.  NEW  JERSEY 


foreign  Division 

25  WARREN  ST  •  NEW  YORK,  U.  S.  A. 
CobU  Addrqti  SIMONTRICE,  NEW  YORK 


Over  20  years  of  fabricating  experience 


Mail  Us  Your  Prints  or  Samples  for  Quotations 

ELECTRICAL  INSULATION  CO..  INC. 


12  VESTRY  ST.,  NEW  YORK  13.  N.  Y 


ELECTRICAL  &  ELECTRONIC 

EQUIPMENT 

ELECTRONIC  TUBE  EQUIPMENT 

36  HEAD 
RADIO  TUBE 
EXHAUSTING 
MACHINE 

• 

W.  Maka 
Compitta 
Equipmant 
For  TIm 
Monufoctara 
Of.  Incondaa- 
cent  Lamps 
Radio  and  Elec¬ 
tronic  Tnbas. 

TRANSFORMERS  OF  ALL  TYPES 


MOliDEU 


SIZES  1/4  to  2SB  KVA 

SPOT  WELDERS 

OF  ALL  TYPES 
FOR  ALL  PURPOSES 
SIZES  Vd  to  250  KVA 
Butt  Waldart  •  Gun  Waldart 
Arc  Wald.rs 
Naon  Sign  Units 
Fluorascant  Tuba 
Manufacturing  Equipmant 

CHAS.  EISLER 

EISLER  ENGINEERING  CO.,  INC. 

7SI  Bo.  I3tb  Bt.  (Near  Avan  Avo.),  Rmrark  3.  N.  J. 


{S'SlMuit  BESlSTOia 

Of  particular  interest  to  all  who  need 
resistors  with  inherent  low  noise  level 
and  good  stability  in  all  climates 

HIGH  VALUE  RANGE 

to  1,000,000  MEGOHMS 

This  unusuol  range  of  high  value  resistors 
TYPE  6  5  X  was  developed  to  meet  the  needs  of  scien¬ 

tific  and  industrial  control,  measuring  and 
.  ,  laboratory  equipment— -and  of  high  voltage 

Actual  Size  applications. 


Actual  Size 


STANDARD  RANGE 

1000  OHMS  TO  10  MEGOHMS 

Used  extensively  in  commercial  equip- 
m.nt  including  radio,  telephone,  tale- 
graph,  sound  pictures,  television,  etc. 
Also  in  a  variety  of  U.  S.  Nary  equip¬ 
ment. 


S.S.WHITE 


SEND  FOR 
BULLETIN  4505 

It  gives  details  of  both 
the  Standard  and  High 
Volue  resistors  including 
construction,  characteris¬ 
tics  dimensions,  etc  Copy, 
with  Price  List  mailed  on 
request. 


TNI  5.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL 


OIVISIOM 


DIPT.  R.  10  EAST  «0th  ST.,  NEW  YORK  10,  N.  T.^ 


BUIItil  »MAm  •  FUXIBII  iNAFt  lOPIt  •  AIICRAFt  ACCItSOAIIt 
fMAII  CUfTIWO  AND  ORIMDIRRO  fOOiS  SPICIAI  fORMtfiA  tWBUtt 

memo  MtitYon  •  rusiic  vKiAtim  •  contraci  Pusncs  mamm 

Otte  9^  /4mefucM  A  AAA  OrtAtutUcU  S**t*'*p*i9€4 
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zens  who  are  graduate  students  of 
the  MIT  engineering  departments 
and  who  have  been  cleared  by  the 
Atomic  Energy  Commission.  No 
compensation  will  be  paid  students, 
but  academic  credit  will  be  given 
for  work  done.  The  major  objective 
will  be  to  help  prepare  graduate 
engineers  for  responsible  posts  in 
the  atomic  energy  field. 


BUSINESS  NEWS 


Supreme,  Inc.,  Greenwood,  Miss., 
a  new  corporation,  has  acquired  the 
manufacturing  rights,  facilities 
and  assets  of  the  Supreme  Instru¬ 
ments  Corp.,  manufacturers  of  test 
equipment  and  meters,  and  will  soon 
occupy  its  new  air-conditioned 
plant. 


-lArHere's  a  "must"  for  every 
well-equipped  lob,  plcmt, 
school,  service  shop,  ship, 
etc.  Solves  resistcmce  prob¬ 
lems  under  actual  working 
conditions.  No  calculations. 
No  guesswork.  No  extensive 
experimentation.  Instead,  just 
insert  in  circuit,  adjust  decade 
knobs  until  best  results  ore 
attained,  then  read  correct  re¬ 
sistance  value  right  oil  dials  1 


Yankee  Network’s  new  WNAC- 
TV-FM  transmitter  is  under  con¬ 
struction  in  Medford,  Mass.  Both 
the  television  and  f-m  antennas  will 


Prompt  delivery  from  Che 
largest  stock  in  the  nation! 

Screws  .  .  .  nuts  .  .  .  washers  .  . . 
pins . . .  Allmetal  carries  the  lorgesl 
stock  in  the  country  of  stainless 
steel  fasteners  and  screw  machins 
ports.  We  also  have  facilities  for 
heoding,  tapping,  drilling,  ream¬ 
ing,  slotting,  turning,  stamping, 
broaching  and  centerless  grinding 
.  .  .  ond  we  work  not  only  with 
stainless  ond  monel,  but  also  wilh 
duralumin,  aluminum,  brass, 
bronze,  or  any  other  non-corroshre 
metal.  All  parts  produced  to  close 
tolerances.  Write  for  our  catalog 
today.  Allmetal  Screw  Products 
Cow  33  Greene  St,  New  York. 


CoTvr*  rMiitanc*  rang*  oi  1  ohm  to 
999,999  ohm*. 


Each  docado  disiipate*  up  to  225  wott*. 
Groonohm*  (wire-wound  cement-coated 
power  reiistorc)  used  throughout.  Glaa*- 
inaulated  wiring. 

Six  decade  awitche*.  Direct-reading  in 
ohm*.  Maximum  current  per  decade:  5, 
1.5,  .5,  .15,  .05  and  .005  amp. 

Froated-gray  metal  caae.  Etched  black- 
and-aluminum  panel.  Dual  binding 
poat  terminal*  for  left  and  right  hand 
duty. 

Grill*  at  bottom  and  louvre*  at  aide  and 
top  lor  adeguate  ventilation. 

13"  long;  8V2"  deep;  5%"  high,  11  lb*. 


Architect's  sketch  oi  WNAC-TV-FM 
Transmitter  building 


be  mounted  on  the  same  pole  atop 
a  467-ft  tower.  Effective  radiated 
power  of  the  television  antenna  will 
be  32.7  kw. 


Locke  Incorporated  is  the  new 
name  for  the  Locke  Insulator  Cor¬ 
poration  of  Baltimore,  Md.  Having 
enlarged  its  design  and  develop¬ 
ment  engineering  staffs,  the  com¬ 
pany  will  produce  all  types  of  cer¬ 
amics  and  hardware  for  the  elec¬ 
tronic  field. 


This  new,  Sd-pags 
cotalog  helps  you 
lect  the  correct  sis* 
and  type  oi  non-eos- 
rosiv*  fastening  de¬ 
vice  for  any  parbcidor 
job.  Includes  sfedr 
sizes,  specials  diat 
can  be  made,  engi. 
neering  data,  etc. 
Make  reguest  on  coib< 
pony  letterhead. 


f Bulletin  114  sent 
on  request.  Let  us 
quote  on  your  re¬ 
sistance  and  con¬ 
trol  needs. 


ClAROSTKT 


Philco  Corp.  will  design  and  pro¬ 
duce  fixed-station  and  mobil#  radio¬ 
telephone  facilities  for  21  cities 
throughout  New  England  and  New 
York,  for  rental  by  the  U-Dryvit 
Auto  Rental  Co.,  Inc.,  Cambridge, 
Mass,  along  with  its  vehicles.  At 
present,  U-Dryvit  operates  a  100- 


In  Canada:  CANADIAN  MAKCONI  CO  Ltd 


Montreal,  P.Q.,  and  branches 
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unit  system  in  the  Boston  area 
under  FCC  limited  common  carrier 
radiotelephone  authorization. 


Emeloid  Co.,  Inc.,  makers  of  plas¬ 
tic  products  such  as  radio  dials, 
electronic  parts  and  name  plates. 


CUSTOM-BUILT 

TRANSFORMERS 


AND  ELECTRICAL  COILS 


New  Emeloid  plant 


Over  25  years'  experi¬ 
ence  in  the  manufacture 
of  specials  at  cost  that 
compares  favorably 
with  standard  types. 
Built-in  quality  proved 
by  years  of  actual  use. 


recently  moved  to  a  new  40,000-sq 
ft  plant  in  Hillside,  N.  J. 


Lindberg  Engineering  Co.  of  Chi¬ 
cago,  Ill.,  manufacturers  of  indus¬ 
trial  heat  treating  and  melting  fur¬ 
naces,  has  acquired  the  assets  of 
the  Electronics  Division  of  Illinois 
Tool  Works,  and  will  continue  to 
produce  and  sell  h-f  induction  and 
dielectric  heating  equipment. 


From  lOVA  to  300 
KVA  Dry-Type  Only, 
Both  Open  and  En- 
cosed,  1,  2,  &  3  Phase  25 
to  400  Cycles. 


PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  LABORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J 


The  Hays  Corp.,  Michigan  City, 
Ind.,  has  added  a  new  building  to 
its  manufacturing  plant  to  provide 
for  production  of  industrial  elec¬ 
tronic  control  instruments. 


Standard  Arctturus  Corp.  recently 
moved  to  a  new  plant  in  Newark, 
N.  J.,  thus  increasing  plant  ca¬ 
pacity  for  tube  development  and 


To  radio  enthusiasts,  the  name  Raytheon  on  tubes 
means  quality,  service  and  performance.  In  making  the 
1006/ckT006  gas-filled  rectifier,  shown  below,  Raytheon 
specifies  2  Speer  graphite  anodes  because  of  their  un¬ 
varying  high  quality. 

For  all  radio  and  electronic  uses  Speer  Carbon  Com¬ 
pany  produces  graphite  anodes  of  high  thermal  conduc¬ 
tivity  and  emissivity.  These  characteristics  enable  them  to 
radiate  a  maximum  amount  of  heat  from  a  given  area 
and  make  it  possible  for  tubes  to  handle  up  to  three  times 
as  much  input  power  as  those  with  metal  anodes.  Cool 
operation  of  Speer  graphite  anodes  assures  longer  tube 
life  and  efficiency  of  adjacent  tube  ports.  Speer  anodes 
perform  excellently  in  stationary,  mobile  or  portable 
equipment. 


New  Arcturus  plant  at  54  Clark  St.  in 
Newark 


production  and  providing  expan.sion 
space  for  its  aftiliates. 


LOOK  FOR  GRAPHITE  ANODES  WHEN  YOU'RE 
^  LOOKING  FOR  BETTER  TUBES  ^ 


Rowe  Engineering  Corp.,  Chicago, 
Ill.,  is  the  newly  formed  organiza¬ 
tion  of  the  Rowe  Radio  Research 
Laboratory  Co.  Rowe  Radio  will 
continue  to  operate  simultaneously 
until  completion  of  several  govern- 


CARBON  COMPANY 
ST.  MARYS,  PENN  A. 
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merit  contracts.  The  new  organiza¬ 
tion  specializes  in  consulting  engi¬ 
neering  and  design  and  develop¬ 
ment  projects  covering  electronics 
and  nucleonics. 


ONE  STANDARD 
OF  QUALITY 
O  N  LY. .  . T  H  E 
.  H  I  0  H  E  S  T 


DEDICATED  TO 
THE  CONSTANT 
BETTERMENT 
OF  SOUND 


lEFT— Allac  lonsing  TI-401 
Signal  Gancrator  conloint 
2  indepandant  raiittanca- 
capacity  tina  wava  otcilla- 
•ort.  Waight:  34  lbs.  Di- 
mantians:  1 2 'AH  x  I9W 

X  t^O. 

RIOMT-Allac  lanting  Tl- 
402  Inlarinodulalion  Ana- 
lyzar.  Waight:  4S  lbs.  Di- 
Btansions;  12%H  x  I9W 
x9%D. 


Western  Electric  Co.  will  erect  a 
new  building  covering  an  area  equal 
to  four  entire  city  blocks  in  New 
York  City  to  consolidate  its  head¬ 
quarters  organization. 


Eckert-Mauchly  Computer  Corp. 
has  moved  to  new  and  larger  quart¬ 
ers  in  the  Spring  Garden  Building, 
Broad  and  Spring  Garden  Sts., 
Philadelphia,  Pa. 


ALTEC  LANSING  INTER  MODULATION  ANALYZER 
A  VALUABLE  MULTI-PURPOSE  INSTRUMENT 


Letters  received  by  Altec 
Lansing  demonstrate  impres¬ 
sively  that  the  Altec  Lansing 
T1  402  Intermodulation  Ana¬ 
lyzer,  used  with  the  Altec 
Lansing  TI  401  Signal  Genera¬ 
tor,  has  become  an  indispensa¬ 
ble  tool  to: 

(1)  broadraxling  station  engi¬ 
neers,  for  the  measurement  and 
correction  of  intermodulation 
distortion  in  radio  transmit¬ 
ters;  for  analyzing  distortion 
in  speech  input  equipment;  for 
routine  checking  of  speech 
input  equipment;  for  building 
special  equipment  for  broadcast 
purposes,  such  as  echo  devices, 
filters,  line  equalizers,  system 
equalizers,  sound  effects,  etc.; 

(2)  recording  studio  engineers. 


vision,  and  other  government 
departments;  WOR  Recording 
Studios;  and  other  major  re¬ 
cording  companies;  Rudolph 
Wurlitzer  Company;  radio  sta¬ 
tions  throughout  the  U.  S. ; 
motion  picture  producing  com¬ 
panies;  leading  manufacturers 
of  radios,  radio-phonographs, 
electrical  instruments,  sound 
reproducing  equipment  and 
motion  picture  theatre  sound 
systems;  and  many  others. 

Complete  engineering  data  on 
Altec  Lansing  I ntermodalation 
Test  Equipment  are  available, 
and  will  be  sent  on  request. 
Use  address  nearest  you:  250 
H’e.st  57th  St.,  Sew  York  19,  or 
lliil  Vine  St.,  Hollywood 3S. 
Write  to  Dept.  IT  3. 


for  checking  cutter  head  per¬ 
formance  and  playback  heads, 
amplifiers, compression  devices, 
equalizers,  etc.; 

(3)  film  rerurding  engineers,  for 
optimum  film  recording,  proc¬ 
essing,  and  reproducing;  and 

(4)  sound  research  laboratory 
engineers,  for  making  progres¬ 
sive  checks  in  the  design  and 
development  of  new  electronic 
apparatus. 

The  many-sided  usefulness  of 
Altec  Lansing  Intermodulation 
test  equipment  is  evidenced  by 
the  fact  that  over  200  firms,  in 
all  branches  of  the  electronic 
industry,  have  purchased  this 
equipment.  Among  users  are: 
U.  S.  Department  of  State, 
International  Broadcasting  Di¬ 


Radio  Corp.  of  America  recently 
began  construction  of  a  new  build¬ 
ing  at  its  Lancaster  plant  as  part 


Artist's  sketch  of  RCA's  expanded  tube 
plant  at  Lancaster,  Pa. 


of  a  million-dollar  expansion  pro¬ 
gram  to  increase  c-r  television  pic¬ 
ture  tube  production. 


Gray  Research  and  Development 
Co.  Inc.,  makers  of  recording  and 
transcription  equipment,  have 
moved  to  a  larger  factory  in  Hart¬ 
ford,  Conn,,  to  expand  manufactur¬ 
ing  facilities. 


your  plastic 
part  is  right 
for  the  jobg 


Spellman  Television  Inc.,  manu¬ 
facturers  of  30-kv  h-v  power  sup¬ 
plies  and  other  projection  television 
components,  have  moved  to  larger 
quarters  at  130  W.  24th  St.,  New 
York  City. 


You  can't  do  better  than  call  on 
Watertown  with  its  33  years  of 
plastic  molding  experience. 

Watertown  service  is  a  Complete  Cus¬ 
tom  Service  from  formulating  molding 
materials  to  the  hnal  buffing,  polishing 
and  assembly.  In  addition,  Watertown’s 
modern  laboratory  service  keeps  a  care¬ 
ful  check,  step  by  step,  on  the  progress 
of  each  job,  thus  insuring  the  customer 
an  absolute  minimum  of  costly  rejects. 
Send  us  a  drawing  or  a  blueprint,  or 
call  in  the  Watertown  representative  in 
your  vicinity.  Sales  offices  are  located 
in  Cleveland,  Chicago,  Detroit,  Mil¬ 
waukee  and  New  York. 


A  "PLUS"  WATERTOWN  SERVICE 

Periodic  testing  of  all  molded  parts  from 
basic  material  to  finished  product  is  routine 
in  Watertown’s  completely  equipped  lab¬ 
oratory.  Accurate  readings  in  flexural,  ten¬ 
sile  and  compressive  strengths,  as  well  as 
stress  and  strain  curves  are  obtained  from 
the  machine  illustrated  specifically  designed 
for  the  fatigue  testing  of  plastics.  Fissures, 
porosity  and  stray  metal  inclusions  are  de¬ 
tected  by  a  new  electronic  X-ray  unit. 

THE  WATERTOWN  MANUFACTURIF^G  CO. 
777  ECHO  LAKE  RD.,  WATERTOWN,  CONN. 


United  Television  Mfg.  Corp., 
Boston,  Mass.,  has  been  established 
to  build  home,  restaurant  and  hotel 
television  receivers. 


Arnold  B.  Bailey  Corp.,  Scotch 
Plains,  N.  J.,  has  announced  the 
Bailey  f-m  transmitter  which  uses 
a  highly  stable  f-m  crystal  oper¬ 
ating  at  frequencies  up  to  the  limit 
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For  precise  Voltage  Control — the 
“Superior”  line  of  variable  trans¬ 
formers  stands  at  the  top  of  the 
list.  It  is  “Superior”  in  perform¬ 
ance  —  “Superior”  in  mechanical 
construction  —  “Superior”  in  de^ 
sign  and  durability. 


VARIABLE  TRANSFORMERS 


A  Yalpey  Specialty: 

To  Meet  Your  Needs  in  ALL 

ULTRASONIC 

Applications 


For  Visual  Display  of  Reflected  Energy 


Special  Cut  Crystals  from 
50  KC.  to  30  MC. 

With  or  without  silvered  electrodes. 
Dimensions  to  your  specifications. 

Write  for  literature  and  prices 


Craftsmanship 


Write  f<ir  KHKK  copy  of  tlilH  urcut.  new  Concord  CutuloK 
-a  va.st.  complete  selection  of  everythlnu  In  Radio.  Tcl**- 
vlslon  and  Ti-st  Kpulpment.  Thousands  of  Items  .  .  .  new, 
latest  194S  prices.  Sr-e  new  I,OWKR  prices  on  tlnest- 
•luallty  RADIO  SKTS.  PHONO-RADIOS.  RKCORD 
CHANGKR.S,  RKCORD  PI.AYKR.S.  RKCORDKRS— 
wire  and  disc.  P»)RTAH1.KS.  AMPI.IKIKRS.  COM- 
P1.KTK  SOUND  SYSTKMS.  TKSTKRS  Complete  lati-st 
listlnKH  of  all  well-known,  standard,  de|M‘ndalilc  lines  of 
radio  parts  and  eciiilnment.  4,212,014  SATISKIKlt  CUS- 
TOMKRS  CANNOT  UK  WRO.NG!  For  more  than  a 
<|iiarter  century  at  CONCORD  the  customer  has  heen  the 
Most  Important  Person  In  the  world.  This  established 
reputation  for  Customer  Satisfaction  Is  the  reason  Radio 
Men  (the  FIxiierts  Who  Know)  k»S'p  comliiK  liack  to  CON¬ 
CORD  for  every  radio  and  electronic  need.  At  CON¬ 
CORD.  YOU  MUST  UK  COMPl.KTKLY  .SATISFIKD 
or  your  money  will  be  cheerfully  refunded.  Write  for 
Catalog  Now — Please  address  Dept.  »oti. 


Concord 


CHICAGO  7  ATLANTA  3 

901  W.  Jackson  Boulevard  26S  Paachtrao  Stroot 

Downtown  Chica<]0  Branch:  229  W.  Madison  Straat 
LAFAYETTE  RADIO  CORP. 


MATCH 


DlSPUfS  MIS  MATCH 
over  wide  frequency  range 


O  10  to  250  MC  and  up.  Complete  televiaion  and  FM  coverage. 

•  Completely  electronic.  No  slotted  lines,  moving  parts,  bridges,  or  other  frequency 
sensitive  devices  such  as  directional  couplers. 

O  Precision  frequency  meter. 

•  Saves  enqineering  time — Visual  display  presents  instantly  data  which  would  take 
hours  to  tabulate. 

•  Con  be  adapted  for  balanced  lines. 

Completely  Electronic 

This  unique  instrument  presents  a  visual  display  of  REFLECTED  energy  over  any  band 
up  to  30  MC.  By  the  use  of  the  MEGAMATCH  it  is  possible  to  instantly  observe  and 
measure  mismatches.  Thus  this  instrument  will  check  transmission  lines,  antennas, 
input  and  output  impedance  of  amplifiers,  converters,  tronsforfers,  etc. 

Price:  $695  F.O.B.  FACTORY 
KAY  ELECTRIC  CO.  25  Maple  Ave.  Pine  Brook,  N.  J 


TYPE  20:  115V.  input,  0-135  V.  output  @  3.0  amps. 

0.4  KVA  .  $12.50 

TYPE  116:  Mounted;  115V  input,  0-135  V.  output  @ 

7.5  amps.  1.0  KVA  .  23.00 

TYPE  116U:  Unmounted;'  115V.  input,  0-135  V.  out¬ 
put  @  7.5  amps.  1.0  KVA  .  19.00 

TYPE  1126:  115V.  input,  0-135  V.  output  @  15.0 

amps.  2.0  KVA  . 46.00 

TYPE  1226:  230V.  input,  tapped  at  115  V.,  0-270  V. 

output  @  9,0  amps.  2.4  KVA  46.00 

TYPE  1156:  115V.  input,  0-135  V.  output  @  45.0 

amps.  6.1  KVA  .  118.00 


If  not  rated  25%  with  order, 
balance  C.O.D.  All  prices  F.O.B. 
our  warehouse  New  York.  We 
ship  to  any  part  of  the  globe. 
Write  Dept.  EL 


liE^ 

75  VESEY  STREET 


COrtlandt  7-2612 


RADIO 


CATALOG 


11  PIS  lilii  t  Iiiiiniii 
Sits  •  tl  p|s  litii  Puts 
II  p|s  Siiil  Ispliliits  I 
Ictissiiits  21  p|s  Hi*  Gilt 
I  l|s  IlictiMNC  Test  [piipstil 
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PERSONNEL 


Melville  Eastham,  chief  engineer 
of  General  Radio  Co.,  Cambridge, 
Mass.,  recently  received  the  New 
England  Award  for  outstanding 
professional  contributions  to  the 
industry,  given  annually  by  the 
Engineering  Societies  of  New  Eng¬ 
land,  Inc.  He  founded  General  Ra¬ 
dio  in  1915,  was  its  president  until 
1944,  and  was  responsible  for  the 
development  of  Loran  at  MIT. 


A  COMPLETE  LINE  OF 
MOLOEO-IRON  CORES 

Whatever  your  requirements  in  iron-powder  parts, 

r  .  .  .  ' 

Lenkurt  can  supply  Trancors  with  outstanding  operating 
characteristics.  A  complete  line  of  low-cost  standard 
cores  and  assemblies  with  and  without 
inserts.  For  special  needs— including 
complete  filter  assemblies— a  compe¬ 
tent  staff  of  engineers  is  at  your 
disposal.  Write  for  catalog. 


NEWS  OF  THE  INDUSTRY 


(continued) 


of  crystals  now  available.  This 
newly  formed  concern  will  special¬ 
ize  in  development  of  electronic 
communication  equipment. 

Garstang-May  Co.,  Indianapolis, 
Ind.,  representatives  of  radio  and 
electrical  manufacturers,  was  re¬ 
cently  formed  by  the  former  presi¬ 
dent  and  general  manager  and  the 
vice-president  in  charge  of  manu¬ 
facturing,  respectively,  of  Elec¬ 
tronic  Laboratories. 

Westinghouse  Electric  Corp.  has 
purchased  additional  manufactur¬ 
ing  facilities  at  Hahntown,  near 
Irwin,  Pa.  The  new  plant,  with 
125,000  sq  ft  of  floor  space,  will  be 
occupied  by  the  mica-processing 
section  of  the  transportation  and 
generator  division. 


^  SticcUo^  ZcicUitcf  Designurs  and  Manufacturert 

of  Broadcast  Spoech  Equip- 
k  yl#  I  School  Sound  Syitums 

Ji in iLlflUilla^J 

\  WITH  CUSTOM-BUILT  FEATURES  -  > _ 


Designed  and  Fabricated  by 
the  Manufacturers  of  High 
Quality  Sound  and  Recording 
Equipment  for  the  Motion 
Picture  Industry. 


PRODUCT 


Bardwell  &  McAlister’s  new  line  of  Commercial  Amplifiers 
answers  the  great  demand  of  sound  engineers  for  commercial 
amplifiers  embodying  the  principles  used  in  ’’custom-built" 
units  which  have  been  successful  in  the  sound  equipment  of 
the  motion  picture  industry.  These  principles  result  in  high 
fidelity  reproduction  at  any  setting  of  volume  controls  up  to 
full  rated  output  with  less  than  4%  distortion,  versatility  of 
application,  ease  of  operation  and  the  longer  life  found  only 
in  Bardwell  &  McAlister  Studio  Quality  Amplification 
Systems.  Manufactured  byUnion Craftsmen  and  fully  licensed. 

Write  for  our  sound  equipment  catalog  and  j 
technical  bulletins.  Dealer  inquiries  invited.  /  ^ 


ELECTRONIC  DIVISION 

BARDWELL  &  McALISTER,  INC- 

BOX  1310,  HOLLYWOOD  28,  CALIFORNIA 
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LENKURT  ELECTRIC  CO. 

SAN  CARLOS,  CALIF. 


Western  Society  of  Engineers 
moved  to  new  headquarters  at  84 
East  Randolph  St.,  Chicago,  Ill. 


LENKURT  KNOWS  HOwl 

I  -i 

A 


M.  Eastham 


I.  H.  Dellinger 


J.  Howard  Dellinger,  chief  of  the 
Central  Radio  Propagation  Labora¬ 
tory  of  the  National  Bureau  of 
Standards,  recently  retired  after  40 
years  of  government  service.  He 
initiated  radio  research  at  the 
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ELECTRICAL  MEASUREMENTS 


Write  for 


The  Bradley  Line 


LABORATORIES,  INC. 

82  Meadow  St.  New  Haven  10,  ^nn. 


Bureau  in  1911  and  discovered  the 
simultaneous  occurrence  of  solar 
eruptions  and  radio  fadeouts,  since 
called  the  Dellinger  Effect.  In  the 
advisory  field  he  organized  the  In¬ 
terdepartmental  Radio  Advisory 
Committee  which  assigns  all  radio 
frequencies  used  by  Federal  agen¬ 
cies. 


HALFINCH 

SELENIUM  RECTIFIER 


Marcus  A.  Acheson  was  appointed 
chief  engineer  for  the  radio  tube 
division  of  Sylvania  Electric  Prod¬ 
ucts  Inc.  He  has  been  with  the 
company  since  1934  and  during  the 
war  he  directed  the  Sylvania  devel¬ 
opment  of  proximity  fuze  tubes  for 
the  Navy  Bureau  of  Ordnance. 


Really  o  miniature,  this  new  Bradley 
Selenium  Rectifier  is  Yx"  * 

Low-priced  but  built  for  dependable  opera¬ 
tion  over  wide  temperature  variation.  Com¬ 
pletely  sealed.  Rated  110-125  Volts  AC 
RMS,  20  ma  DC  continuous.  Ideal  for  tele¬ 
vision  pre-selectors,  pre-amplifiers,  relays 
and  all  other  low  current  uses. 


tr  ycu/i 

NEW  INSTRUMENTS 
NEW  TECHNICAL  DATA 


“Resistance  Standards  and 
Resistance  Bridges” 

Included  are  complete  descriptions  of  Rubicon 
Standard  Resistors  (Bureau  of  Standards  and 
Reichsonstolt  Types),  Standard  Shunts,  Decade 
Resistance  Boxes,  Unmounted  Decade  Resistors, 
Wheatstone  Bridges  (laboratory  and  portable), 
Mueller  Resistance  Thermometer  Bridge,  Kelvin 
Bridges  (laboratory  and  portable),  and  Limit 
Bridges  (for  production  testing). 


A.  C.  De  Napoli 


M.  A.  Acheson 


SIMPLIFY  PHOTO  CELL 
CONTROL 


A.  C.  De  Napoli,  previously  with 
Western  Electric  Company  and 
Films,  Inc.,  has  been  named  chief 
engineer  of  SoundScriber  Corp., 
New  Haven,  Conn.,  manufacturers 
of  electronic  disc  dictating  equip¬ 
ment. 


“Potentiometers” 

Concise,  factual  information  on  Rubicon  Type 
B  High  Precision  Potentiometer,  Type  C  Micro¬ 
volt  Potentiometers  (single  and  double).  Type 
D  Microvolt  Potentiometers,  Portable  Precision 
Potentiometers,  Type  S  Students'  Potentiome¬ 
ter,  Temperature-Calibrated  Potentiometers, 
Brooks  Model  7  Deflection  Potentiometer,  and 
accessories  including  volt  boxes,  standard 
cells,  keys  and  batteries. 


Anthony  Wright,  recently  ap¬ 
pointed  chief  television  engineer  of 
The  Magnavox  Company,  previ¬ 
ously  held  the  same  position  at  RCA 
Victor. 


Luxtron*  photo  cells  convert  light  into 
electrical  energy.  No  external  voltage  is 
required  to  operate  meters  and  meter  re¬ 
lays  directly  from  Bradley  photo  cells,  im¬ 
proving  control  over  your  processes,  reduc¬ 
ing  your  costs.  Housed  model  shown. 
Many  different  sizes  and  shapes,  mounted 
and  unmounted. 


Norman  Wunderlich  is  now  vice- 
president  and  divisional  chief  of 
Lear  Radio,  Inc.,  Chicago,  Ill. 


RUBICON  COIUPANY 


Electrical  Instrument  Makers 
3757  *  Ridge  Avenue  Philadelphia  32,  Pa. 

Por  your  conveniMC*,  HU  out  ond  lond  thk  coupon  todoyf 


Illustrated  literature,  avail¬ 
able  on  request,  shows  Brad¬ 
ley's  full  line  of  photo  cells 
and  copper  oxide  and  selen¬ 
ium  rectifiers. 


Maxwell  K.  Goldstein,  at  one 
time  head  of  NRL’s  radio  direction 
finder  activity,  recently  joined  the 
staff  of  the  research  division  of  the 
Office  of  Naval  Research  as  elec¬ 
tronics  consultant. 


RUBICON  COMPANY 

}757  Ridge  Avenue  *  Philadelphia  32,  Po. 
Please  send  Bulletin  100  Q  Bulletin  270  □ 


Nome 


Orgonizotion 


Kenneth  V.  Curtis,  application 
engineer  in  Raytheon’s  marine  de¬ 
partment  since  1945,  has  been 


Address 


ELECTRONICS  — June,  1948 


239 


'tYY  CAMERA 

AND  INSTRUMENT  CORPORATION 


NEWS  OF  THE  INDUSTRY  (eontiimcd) 

named  product  manager  of  the  com¬ 
mercial  products  division  at  Ray¬ 
theon  Mfg.  Co.,  Waltham,  Mass. 
From  1943  to  1945  he  was  in  the 
radar  design  section  of  the  Bureau 
of  Ships,  USN. 


Frank  G.  Marble  has  been  ap¬ 
pointed  sales  manager  of  the  Kay 
Electric  Co.,  of  Pine  Brook,  N.  J. 
He  was  recently  in  charge  of  instru¬ 
mentation  activities  at  Pratt  and 
Whitney  Aircraft.  During  the  war 
he  was  associated  with  the  Bell 
Telephone  Laboratories  in  connec¬ 
tion  with  radar  activities. 


PERFORMANCE 
THAT  EXCEEDS 
SPECIFICATIONS 

Foirchild 

Pr«cision  Linsor  Potentiometar 

Specifications  covering  Fairchild  Type  748  Linear  Potentiometers  guar¬ 
antee  a  service  life  of  more  than  1,000,000  cycles  at  30  rpm  and 
linearity  of  .1%— yet  laboratory  tests  have  revealed  a  service  life  of 
several  million  cycles  at  100  rpm  with  the  original  linearity  tolerance 
increosing  to  only  .15%! 

This  amazing  performance  stems  from  Fairchild's  exclusive  design  and 
precisionized  skills  that  provide  just  the  right  contact  materials,  the  right 
resistance  wire — and  the  exact  adjustment  of  wiper  arm  pressure. 

For  further  information  on  the  only  precision  potentiometers  that 
offer  a  service  life  of  over  1,000,000  cycles  with  sustained  accuracy 
address:  Dept.  J,  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


R.  K.  McClintock 


F.  G.  Marble 


R.  K.  McClintock  was  named  as¬ 
sistant  to  the  chief  engineer  at 
Sylvania  Electric’s  radio  tube  di¬ 
vision.  He  has  been  with  the  com¬ 
pany  since  1936  and  was  instru¬ 
mental  in  the  development  of  the 
proximity  fuze. 


R.  E.  Mathes,  previously  associ¬ 
ated  with  RCA  Laboratories,  with 
radar  countermeasures  in  the  Bu¬ 
reau  of  Ships,  and  until  recently 
chief  engineer  of  Finch  Telecom¬ 
munications,  is  now  chief  engineer 
at  Gray  Research  and  Development 
Co.,  Inc.,  Elmsford,  New  York. 


The  flick  of  o  finger  operates  the 
potented  ‘‘Gove’'  Vertical  Atten¬ 
uator.  Representing  the  very  latest 
in  broadcast  components,  these 
units  are  suitable  for  every  type 
of  sound  equipment  from  elabor¬ 
ate  broadcast  stations  to  thv, 
simplest  P.A.  system.  Unit  gives 
smooth  easy  operation  and  can 
be  cleaned  from  front  of  panel 
by  removing  escutcheon.  Com¬ 
pletely  shielded  and  dust  proof. 


Noel  L.  Keefer,  for  the  last  12 
years  chief  installation  and  service 
engineer  on  the  Pacific  Coast  for 
General  Electric  Co.,  has  been  ap¬ 
pointed  chief  engineer  of  KMGM, 
Metro-Goldwyn-Mayer’s  f-m  sta¬ 
tion  in  Los  Angeles. 


Oesdfptive 

Bulletin 


William  H.  Lyon,  former  service 
engineer,  has  been  appointed  serv¬ 
ice  manager  at  SoundScriber  Corp. 
During  the  war  he  was  an  associ¬ 
ate  engineer  in  the  Interior  Com¬ 
munications  Section  of  the  Bureau 
of  Ships. 


Courtesy  of  WHKC,  ^ 
Urtiled  Broadcasting  Co. 
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BAACH-INTERNATIONAL 


COMPOUND 
NIOH  VACUUM  PUMP 

This  high  vacuum  pump  it  widely  known 
and  used  extensively  in  the  manufacture  of 
electric  lamps,  radio  tubes,  fluorescent  lomps, 
for  laboratory  work  and  for  many  Industriol 
opplications  where  high  vacuum,  plus  rapid 
exhausting  ore  essential  requirements  in 
processes  of  manufacturing. 

In  free  air  capacities  ranging  from  1  cubic 
foot  to  50  cubic  feet  per  minute. 

Readings  on  all  sizes  guaranteed  0.50  microns 
or  better. 

Operates  quietly.  Prompt  deliveries 

Write  for  details. 

INTERNATIONAL  MACHINE  WORKS 

HMufeeturers  of  Boaeb-lnttniatleael  Hot  Cut  Flare 

■aehlee. 

2027  —  46th  STREET 

NORTH  BERQEN,  N.  J.,  U.S.A. 

Tel.  UNion  3-7412 

Cable  Addrem  “INTERMACH**  North  Beneo.  N.  J. 


SMOOTH  WIRE 

/ 


fF3. 

e  / 
SMOOTH  WINDING 


SMOOTH  OPERATION 


From  every  angle  you'll  find  Essex  Extra 
Test  Magnet  Wire  a  smooth  product  to  use  in 
your  winding  department.  In  the  battle  for 
profitable  production  it  minimizes  time  lost 
because  of  hard  and  springy  wire .  . .  tacky 
insulation  film  . .  .  poor  size  uniformity  from 
spool-to-spool . . .  and  frequent  tension  adjust¬ 
ments.  The  chances  are,  Essex  Extra  Test  Mag¬ 
net  Wire  can  prove  its  superiority  for  you. 


ESSEX  WIRE  CORP. 

FORT  WAYNE  6,  INDIANA 

Plants:  Anaheim,  Calif.;  Detroit,  Mich.;  Fort 
Wayne,  Ind.  Warehouses*  and  Sales  Offices: 
“Atlanta,  Ga.;  “Boston,  Mass.;  “Chicago,  Illinois; 
Cleveland,  Ohio;  Dallas,  Texas;  Da^on,  Ohio; 
“Detroit,  Mich.;  Kansas  City,  Mo.;  Los  Angeles, 
Calif.;  Milwaukee,  Wis.;  “Newark,  N.J.;  Philadel¬ 
phia,  Pa.;  “Portland,  Oreg.;  St.  Louis,  Missouri;  ^ 
“San  Diego,  Calif.;  San  Francisco,  California  ' 


WIRE 
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STEATITE 

CERAMIC 

Proporties  and  Characteristics  of  Our 
LAVITE  SI -5  Steatite  Ceramic  Body 

ComprosDivD  Strength  . 96.000  Ibe.  per  Aquare  inch 

Tensile  Strength  . 7.200  ibt.  per  square  inch 

Flexural  Strength  . lO.SOO  tbs.  per  square  inch 

Modulus  of  Rupture . 20.000  lbs.  per  square  inch 

Dielectric  Strength . 23S  volts  per  mil 

Oieloctrie  ConsUnt  . 6.42)  rrm«um«rw 

Loss  Factor  . 7.90  >  Frequency  of 

Rower  Factor  . 4.46)  1  megacycle 

Bulb  Specific  Gravity . 2.S6404 

Density  (from  aoove  gravity) ..  0.096  lbs.  per  cubic  inch 

Hardness  (Mohr  scale) . 7.0 

Softening  temperature  . 2.3S0*^F. 

Linear  Coefficient  of  Expansion . 8.13x10 — 6 

Moisture  Absorption  (ASTM  0-116-42-4) . .O.OOSOe 

Design  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronic  fields  are  finding  in 

LAVITE  the  precise  qualities  called  for  in  their 

specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  acids,  and  high  heat.  The  exceed¬ 
ingly  low  loss-factor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  fur  all  high  frequency 
applications. 

Il"e  ui7/  gladly  supply  samples  for  testing. 


D.  M.  STEWARD  MFC.  COMPANY 

Mjin  Ollier  &  Works:  Choftonoogo,  Tonn. 
Nr.  dhnm,  Moss.  *  Chicogo  *  los  Angelet 


Now  York  •  Philadelphia 


j^re^erred 


as  a  source  of  pre- 
cision  •  made 
WASHERS  and 
STAMPINGS 
manufactured  to 
your  specifications 


CUP  WASHERS 
for  Binding  Screws 

WHITEHEAD  STAMPING  CO 


1691  W.  Lafayette  Blvd. 


Detroit  16,  Michigan 


**  Where 
Professional 
Radiomen 
Study^* 


Capitol  Radio 
Engineering  Institute 

An  Accredited  Technical  Inslitule 

16th  and  Park  Rd.,  N.  W. 

Dept.  B-1 

Washington  10,  D.  C. 

Home  Study  and  Residence 
Courses  in  Practical  Radio- 
Electronics  and  Television. 
Approved  for  Veteran  Training. 
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NEW  BOOKS  I 

I 

Hearing  Aid§ 

By  H.  Davis,  S.  S.  Stevens,  R.  H. 
Nichols,  Jb.,  C.  V.  Hudgins,  R.  J. 
Marquis,  G.  E.  Peterson  and  D.  A.  : 
Ross.  Harvard  University  Press, 
Cambridge,  Mass.,  1947,  197  pages, 
$2.00. 

This  book  describes  work  done  at 
Harvard  University  during  the  war 
on  the  adaptation  of  hearing  aids  to 
individual  users.  The  work  had 
two  original  objectives :  (1)  the  de¬ 
termination  of  frequency-response 
patterns  in  a  hearing  aid  which 
would  give  best  performance  for 
people  with  various  types  of  hear-, 
ing  loss  and  (2)  the  development  of 
rapid  and  reliable  methods  for  test¬ 
ing  hard-of-hearing  people. 

The  principal  item  of  physical 
equipment  used  in  the  research  was 
a  “master  hearing  aid”,  which  con¬ 
sisted  of  a  laboratory-type  micro¬ 
phone,  amplifier,  receiver,  and  con¬ 
trols. 

The  method  of  testing  was  con¬ 
cerned  primarily  with  the  intelligi¬ 
bility  of  speech  as  determined  by 
the  use  of  word  lists.  Tone  quality 
and  ease  of  listening  were  not  con¬ 
sidered  in  the  merit  rating. 

The  tests  were  conducted  on  a 
group  of  eighteen  hard-of-hearing 
men  and  women  with  hearing  losses  I 
ranging  from  moderate  to  severe,  j 

The  articulation  tests  on  the  ^ 
word  lists  were  conducted  both  to  ' 
determine  types  of  frequency  pat-  I 
terns  as  related  to  hearing  losses  ' 
shown  in  audiograms  for  different 
individuals  and  also  to  determine 
desirable  loudness  and  methods  for 
limiting  loudness. 

The  principal  conclusion  drawn 
on  the  first  of  these  items  is  that 
practically  all  hard-of-hearing 
persons  can  be  properly  fitted  with  ' 
either  a  flat  frequency  response  or 
with  a  response  which  has  a  simple 
and  uniform  rise  with  increasing 
frequency. 

With  regard  to  the  second  item  it  ' 
was  concluded  that  it  is  desirable  to  ! 
limit  maximum  loudness  for  any  | 
individual  and  that  this  limiting 
may  best  be  done  by  con^ression 
amplification,  although  peak  clip¬ 
ping  is  also  acceptable. 

This  report  is  a  valuable  sum¬ 


mary  of  specific  work  done  in  the 
hearing  aid  field  by  a  group  of 
scientists.  The  validity  of  its  gen¬ 
eral  conclusions  is  impaired  by  the 


the  ''Slipstick' 
Wavemeter* 


The  Decimeter  Slipstick  fills  ^ 
a  real  need  for  the  first  time  | 
...  it  gives  quick  frequency  M 
readings  on  oscillators,  re- 
ceivers  or  transmitters.  i/j 


•  Enormous  range,  90-3000  MC  jpl 


•  Rapid  direct-reading  scale 


•  2X  accuracy  or  better 


•  Sturdy  construction 


•  High-Q  polished  silver 
finish 


$16*® 

Remember 


lirwl  y'  DM-240-A  Oscillator 
iff  I  2400  MC  receivers 

IpJlj  and  transmitters 

scimeter  Decals  on 
f//your  equipment  for  pro- 
f/fessional  appearance 

jv'Silver-Q  Flux  for  perfect 
Vadio  soldering 


242 


June,  I94$  — ELECTRONICS 


NEW  BOOKS  (continued) 

small  number  of  different  persons 
tested  and  the  fact  that  the  criteria 
is  based  solely  on  articulation  with¬ 
out  regard  to  satisfactorily  pleas¬ 
ing  tone  quality.  The  latter  item  is 
of  great  importance  since  experi¬ 
ence  shows  that  hard-of-hearing 
people  will  not  wear  a  hearing  aid 
continuously  if  the  tone  quality  is  i 
annoying,  no  matter  how  good  the  ■ 
articulation  may  be.  .  i 

The  danger  of  generalization  on 
the  basis  of  only  eighteen  users  as 
well  as  on  the  somewhat  question¬ 
able  standard  of  articulation  only  is 
illustrated  by  data  taken  from  the 
files  of  the  Sonotone  Corporation. 
From  these  records  we  have  ex¬ 
amined  one  thousand  successive 
audiograms  without  selection  and 
have  compared  them  with  the  fit¬ 
tings  on  instruments  which  were 
found  to  give  best  longtime  results. 
These  data  show  that  48  percent  of 
the  one  thousand  individuals  were 
fitted  with  frequency  characteris¬ 
tics  lying  within  the  range  of  the 
Harvard  recommendations;  52  per¬ 
cent  were  better  fitted  by  frequency 
patterns  lying  outside  the  recom¬ 
mendations  of  the  Harvard  report. 

The  excessive  emphasis  given  to 
this  one  generalization  with  regard 
to  frequency  fitting  and  the  undue 
publicity  given  to  this  statement 
tend  to  discredit  an  otherwise 
worthwhile  report  on  a  valuable 
study  of  hearing  aid  problems. — 
L.  Grant  Hector  and  Fred  W. 
Kranz,  Sonotone  Corp.,  Elmsford, 
N.  Y. 

Paleiil  Notes  for  Eiijsiiieers 

Published  by  RCA  Review,  RCA 
Laboratories  Division,  Radio  Corpo¬ 
ration  of  America,  Princeton,  N.  J., 
1947,  15i  pages,  $2.50. 

While  published  primarily  for  use 
within  the  RCA  organization,  the 
contents  of  this  book  will  appeal  to 
all  engineers,  scientists,  and  attor¬ 
neys  who  have  to  deal  with  patent 
matters.  Many  of  the  questions 
which  naturally  arise  in  the  minds 
of  technical  people  will  be  found 
answered  within  its  pages. 

The  original  manuscript  was  pre¬ 
pared  by  C.  D.  Tusks,  director  of 
RCA’s  patent  department,  but  the 
book  also  draws  upon  other  mem¬ 
bers  of  the  patent  group. 

Within  the  eight  major  chapters 
will  be  found  explanations  of  what 
constitutes  an  invention,  what  can 


. HMe 

iou  M  Jod 

^  I 

%Kfro'n»‘&r „ . 


Phototubes  are  doing  all  sorts  of  important 
industrial  jobs,  in  all  types  of  industries  .  .  .  speeding  up  pro¬ 
duction  .  .  .  saving  time  and  labor.  Due  to  our  pioneering  and 
intensive  research  in  this  field,  we  are  especially  well 
equipped,  not  only  to  supply  you  with  the  phototubes  you 
need,  but  to  advise  you  on  how  to  use  them  efficiently. 

Without  obligation,  send  for  our  special 
phototube  brochure  and  any  information 
you  need. 

- —  >- 

%^5^G0NTINENTAL  ELECTRIC  CO. 

Geneva/  Illinois 


The  NpW  B  a  r  n  s  t  e  a  d 

UPFLO  DEMINERALIZERS 

jjO^  PuAeA.  l4JcUe/i  at  JloKAeA^  Qaii 


rflE  newly  developed  principle  used  in 
these  UPFLO  Models  pins  the  use  of 
improved  synthetic  resins  represents  a 
notable  gain  in  Bamstead’s  70  year  record 
of  making  purer  water  avail^le  to  in¬ 
dustry  at  an  ever  lower  cost  The  raw 
water  flows  UP  through  the  resins  which 
results  in  greater  efficiency  and  entirely 
new  simplicity  of  operation.  Completely 
eliminates  the  need  for  backwashing.  Valve 
operations  are  reduced  and  regeneration 
time  cut  nearly  in  half. 

These  compact,  efficient,  cost-saving  units 
remove  all  metals  such  as  sodium,  potas- 
Siam,  calcium,  magnesium,  iron,  copper, 
etc.,  as  well  as  sulfates,  carbonates,  bi- 
carbonates,  chlorides,  etc.  Constructed  of 
Stainless  Steel.  Flow  rates  from  3  to  100 
Gallons  per  hour.  Other  Barnstead  de¬ 
mineralizers  up  to  1,000  gallons  per  hour. 

Send  for  Bulletin  117  for  full  details 


Picturtd  mb»vt  ii  FR-t,  Fomt- 

bed  DoiiSIc-acrioK  (//#•  Type  wUh 
a  flow  rate  ef  SO  gaU  per  homr. 


STILL  &  STERIUZER  CO.  Ibc. 

228  Lanesville  Terrace  Forest  Hills,  Boston  31,  Mass. 
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Build  Finer  Receivers. 
Cut  Costs  With  This 


BOLAND  &  BOYCE  INC,  PUBLISHERS 


GENERALl^^)  ELECTRIC 


NEW  BOOKS  (ewitliiiiH) 

be  patented,  how  to  keep  appropri¬ 
ate  records  of  one’s  technical  work 
that  may  lead  to  a  patent  applica¬ 
tion,  the  preparation  of  the  appli¬ 
cation,  its  amendments,  the  whole 
question  of  interference,  and  fi¬ 
nally,  the’ ownership,  use,  and  licens¬ 
ing  of  patents. 

Copious  examples  from  the  patent 
literature  point  up  the  discussion, 
making  the  book  more  effective  as 
a  working  tool  and  more  interest¬ 
ing,  even  to  one  who  may  never 
make  an  invention.  The  entire 
technique  of  carrying  matters 
through  from  the  original  concept 
to  the  use  of  an  issued  patent  is 
covered. — K.H. 


NEW  LINE  OF 
i®AL  ELECTRIC 
flELtelON 


Planned,  written  and  illus¬ 
trated  by  a  select  staff  .  .  . 
experts  in  creating  radio  and 
electronic  manuals  for  civilian 
&  military  use. 


Radio  Engineering 

By  Fre®erick  Emmons  Terman. 
McGraw-Hill  Book  Co.,  New  York, 
1947,  Third  Edition,  969  pages,  $7.00. 
“Electrical  circuits  and  vacuuni  ; 
tubes  behave  according  to  exact  | 
laws,  which  in  the  main  are  simple  I 
and  easily  understood,  and  which 
can  be  used  to  predict  the  perform¬ 
ance  of  radio  circuits  and  radio  ap¬ 
paratus  with  the  same  certainty 
and  accuracy  that  the  performance 
of  other  types  of  electrical  equip¬ 
ment,  such  as  transformers,  mot¬ 
ors,  and  transmission  lines,  is 
analyzed.  It  is  this  ability  to  re¬ 
duce  a  problem  to  quantitative  rela¬ 
tions  that  predict  with  accuracy 
the  performance  to  be  expected  or 
explain  the  results  already  obtained 
that  represents  a  real  mastery  of  j 
the  subject  such  as  the  radio  engi-  i 
neer  is  expected  to  possess.’’  So  j 
reads  a  portion  of  the  Preface  to  ! 
the  First  Edition.  That  it  appears 
some  fifteen  years  later  in  a  much 
expanded  Third  Edition  may  be  a 
hoary  tradition  of  the  publisher’s 
routine,  but  it  is  none  the  less  alive 
and,  one  suspects,  a  reaffirmation 
of  the  author’s  creed. 

For  all  his  uncompromising  ap¬ 
proach  to  the  fact  that  there  can 
be  no  royal  road,  nor  primrose  path 
either,  to  engineering.  Professor 
Terman  has  managed  to  keep  the 
presentation  of  information  in  his 
1  books  clear  and  simple^  so  that 
1  “Terman  says  .  .  .”  has  become  a 
natural  preamble  in  classroom  or 
laboratory.  Although  his  scholastic 
attainments  have  brought  him  the 
title  of  Dean  of  the  School  of  Engi¬ 
neering  at  Stanford  University, 
he  is  probably  better  known  as  past 


When  you  call  upon  Boland  & 
Boyce  to  create  your  manuals  you 
are  relieved  of  every  detail  in 
their  preparation.  The  entire  oper¬ 
ation  is  taken  over  and  completed 
by  a  specialized  staff  with  years 
of  experience  in  publishing  books 
&  manuals. 

First  the  requirements  for  your 
manuol  are  completely  surveyed. 
The  working  conditions  to  which 
they  will  be  put  are  studied  and 
the  operations  or  equipment 
described  in  the  manual  are 
thoroughly  analyzed.  A  complete 
outline  is  then  prepared  and  sub¬ 
mitted  for  your  approval,  along 
with  a  dummy  of  the  manual  as 
it  will  appear  when  finished.  Upon 
your  approval  the  job  is  com¬ 
pleted  and  delivered  with  your 
satisfaction  guaranteed. 

Boland  &  Boyce  manuals  in¬ 
corporate  only  the  most  modern 
editorial  and  illustrative  style. 
Each  project  is  treated  with  in¬ 
dividual  attention  in  technique  of 
presentation  and  editarial  ap¬ 
proach.  The  Boland  &  Boyce 
military  and  civilian  manuals  now 
in  use  throughout  the  world  are 
our  best  recommendations. 

U.  S.  Navy 

U.  S.  Signal  Corps. 

Sylvania  Electric  Products.  Inc. 

The  National  Company 
Western  Electric  Co. 

Bell  Telephone  Laboratories 
Maguire  Industries,  Inc. 

Allen  B.  Dumont  Laboratories,  Inc. 
General  Electric  Co. 

Mine  Safety  Appliances  Co. 

Writ*  or  wire  Boland  t  Boyce  today 
tor  more  Information. 


FOCUS  DEFLECTION 
ASSEMBLY 

#  PM-EM  Focus  Coil  using 
G-E  Alnico  5 

#  Compact  Unit  Assembly 

#  Minimum  Focusing 
Currert  Lequired 

#  Simple  Mounting 

HORIZONTAL  OUTPUT 
TRANSFORMER 

#  Molded  Coils 

#  High  Efficiency 

#  Avoids  Corona  Effect 


#  Permanent  Magnet 

#  Easily  Adjusted 

0  Small  and  Compact  in  Si/e 

#  Cushioned-Secure  Clip 
Mounting 

For  complete  information  on 
Television  Components  write: 
General  Electric  Company, 
Electronics  Department,  Elec¬ 
tronics  Park,  Syracuse,  N.  Y. 


Radio  Maintenance 
Technical  Manuals 

Manual  Division  M-3 


Radio  Data  Book 
Video  Handbook 

Montclair,  N.  J 
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for  manufacturers/ 
laboratories  and 
every  user  of 

CAPACITORS 

TELECTRAD 

can  give  you  fast, 
special  service 
on  your  requirements. 


Check  these  advantages: 

*  Prompt  dolivery  from  big 
stock 

*  All  typos,  makos,  voltages, 
capacities  and  tolerances 

*  Your  inquiry  will  receive  our 
prompt  and  courteous  atten¬ 
tion 

*  New  price  list  on  request 

Foreign  inquiries  invlUd. 

We  continue  to  export  to 
all  countries. 


TELECTRAD I 

3232  Broadway,  New  York  27,  N.  Y.  ) 


0^^ 

your  product 
CONSTANTLY! 


These  "silent 
salesmen”  are  on 
the  job  always 
.  .  .  creating  a 
desire  for  your 
product  at  the 
point  of  sale. 

Any  size,  shape 
or  design  can  be 
created  for  you  by  our  master 
designing  department.  We  have 
36  years  of  "know-how”  and  have 
created  metal  products  and  dis¬ 
plays  for  the  top  manufacturers. 

Write  today  for  descriptive  folder. 


Sheet  Me’tal  Works,  Inc. 

2645-49  Clybourn  Are. 
Chicago  1  4.  III.  ^ 


More  than  14  years 
of  know-how  and 
experience  in  every 

PYROFERRIC 
L  IRON  CORE 


Pyroferric  Iron  Cores  were  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc¬ 
ceeding  year  are  inherent  In  every 
powdered  iron  product  today  pro¬ 
duced  by  the  Pyroferric  Company, 
including:  a  full  line  of  standard 
sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  Inserts. 


■ - 'V  Ml  ^  -- 

McGRAW-HILL 

DIRECT  MAIL  LIST  SERVICE 


For  Powdorod  Iron  Coros  to  moot  your  spocifico- 
tlont,  oddrou  your  inquiry  to 

Pyroferric  Go. 

421  last  214  Street.  New  York  City  47 


^  PROFIT  IN  A  COIL? 

^  Yes  ...  if  it's  the  right  coil 

^  The  right  coil,  free  from  defects, 

^  tested  by  capable  inspectors,  and 
^  properly  manufactured  to  fit  each 
^  job  specification  is  the  DANO  COIL. 

"  Engineers  know  that  Dano  quality 
means  profit  in  a  coil. 

Every  job  made  to  individual  specification. 

TRANSFORMERS  MADE  TO  ORDER 


ELECTRIC  CO  wain  st. 

CLCL.irilV.  L.U.  WINSTED,  CONN. 


If  You  Are  Having  Difficulty 
Maintaining  Your  Mailing  Lists . . . 

Probably  no  othor  organliatlon  It  at  wall  aquippad  at 
McGraw-Hill  to  tolva  tha  compllcatad  problam  of  litt 
maintananca  during  Hiit  pariod  of  unparallalad  changt 
In  Induttrial  partonnal. 

McGraw-Hill  Mailing  Littt  covar  motf  major  Indut- 
triat.  Thay  ara  compllad  from  axclutiva  tourcat,  and 
art  batad  on  hundradt  of  fhoutandt  of  mail  quatflon- 
nairai  and  tha  raportt  of  a  natlon-wlda  Raid  ttaff.  All 
namat  ara  guarantaad  accurata  within  2%. 

Whan  planning  your  diract  mall  advartiting  and  talai 
promotion,  contidar  fhit  uniqua  and  aconomical  tarvica 
in  ralation  to  your  product.  Datailt  on  raquatt. 

McGraw-Hill  Publishing  Co.,  Inc. 

DIRECT  MAIL  DIVISION 

330  Wott  42nd  Stroot  Now  York.  18,  Now  York 
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NEW  PRODUCTS  (continued) 

president  of  the  Institute  of  Radio 
Engineers.  No  mere  pedant,  he 
served  his  country  with  distinction 
at  the  MIT  Radiation  Laboratory, 
from  whence  he  moved  his  group 
to  found  the  Radio  Research  Labo¬ 
ratory  at  Harvard. 

We  are  dealing  here  with  a  col¬ 
lege  text  that  will  not  necessarily 
please  everyone.  It  is  not  a  hand¬ 
book  with  a  quick  answer  for  the 
man  who  suddenly  wishes  to  know 
all  about  a  new  electronic  aid  to 
navigation,  nor  is  it  a  loose-leaf 
booklet  into  which  one  slips  dope 
sheets  on  the  latest  equipment  for 
the  production  of  frequency  modu¬ 
lation. 

The  text  as  a  whole  has  been 
broughc  up-to-date  by  the  inclusion 
at  appropriate  points  of  such  in¬ 
formation  as  that  on  klystrons, 
magnetrons,  lighthouse  and  travel¬ 
ing  wave  tubes.  In  addition,  a 
completely  new  chapter  has  been 
added  that  describes  circuits  with 
distributed  constants  and  serves  to 
orient  the  reader  on  microwave 
phenomena.  It  would  be  hopeless 
to  attempt  a  complete  catalog  of 
contents  and  additions,  particularly 
since  there  are  already  at  least 
105,000  readers  who  are  familiar 
v/ith  the  general  philosophy  and 
presentation  of  the  original  work. 

Fifty-odd  pages  of  questions 
from  the  separate  chapters  have 
been  collected  at  the  back  of  the 
volume  where  they  are  more  con¬ 
veniently  found  than  in  earlier 
editions. — a.a.mcK. 


Available 

22  Types 


Frame  Sizes 


Gothard  Rotary  Converters 
ore  designed  to  deliver  out¬ 
puts  of  90%  Power  Factor. 
Standard  output  voltages 
vary  8  to  15%  from  no  load 
to  full  load.  No  starting  equip¬ 
ment  is  required  up  to  500 
VA.  Input  voltages  from  6  to 
230  V  DC.  Output  110  to 
1000  VA  at  60  cycles,  90  to 
800  VA  at  50  cycles. 


Ask  for  litorature 
on  Gothard  Dyna- 
mofors,ConyrUrs, 
Motor  Generators 
and  Generators. 


MANUFACTURING  CO 

114  Cloor  Loko  Avonut  Springfiald,  Illinois 

EXPORT  DIVISION:  25  Worron  St..  Now  York  7.  N.  Y. 


20  MC 

VIDEO  AMPLIFIER 

Model  V 


*  Flat  frequency  response  from  100 
cps  to  20  me.  ::b  1.S  db. 

*  Uniform  time  delay  of  .02  micro¬ 
seconds. 

*  Gain  of  50  db. 

*  Frequency  compensated  high  im¬ 
pedance  attenuator  calibrated  in 
10  db  steps  from  0-50. 

*  Fine  attenuator  covers  a  10  db 
range. 

*  Phase  Linear  with  frequency  over 
entire  band. 

Thie  unit  ia  deaigned  for  uee  at  an 
oscilloacope  deflection  amplUier  for 
the  meaaurement  and  Tiewinq  of 
pulaea  _  of  extremely  abort  duration 
and  riae  time,  and  containa  the 
Video  Amplifier  Unit,  Power  Unit 
and  a  Low  Capacity  Probe. 


Microwave  Mixers 

Volume  16  of  the  MIT  Rudiatiou 
Laboratory  Series,  By  Robert  1’. 
Pound.  McGraw-Hill  Book  Co.,  New 
York,  1948,  381  pages,  $5.50. 

The  present  state  of  the  art  in 
microwave  mixer  circuits  and  com¬ 
ponents  is  well  covered  in  this 
volume.  Although  the  microwave 
superheterodyne  receiver  and  crys¬ 
tal  rectifiers  are  themselves  sub¬ 
jects  of  other  volumes  in  the  series, 
sufficient  introductory  material  is 
presented  here  to  permit  the  reader 
to  study  microwave  mixers  and 
their  use  without  recourse  to  the 
other  volumes. 

Because  of  their  wide  usage,  cry¬ 
stal  mixers  are  the  major  topic  of 
this  text.  Simple,  multiple-func¬ 
tion  and  balanced  mixers  are  con¬ 
sidered.  The  local  oscillator  is  con- 


Specifications: 

Input  Impedance:  Prabp— I2mnif  + 
470,000  ohms;  Jack — 30mmf  -I-  470,000 
ohmi;  Output  Impedanca  ISmmf  + 
470.000  ohms  each  tide  puth  pull: 
Max.  Input  Voltt  500  peak  to  peak 
with  probe:  Max.  Output  Voltt  120 
voltt  peak  to  peak  (puth  pull); 
Power:  115  voltt  50/60  cpt  AC  Line; 
Siie—  I  »</4'x22'x  1 4%'. 
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sidered  not  only  with  regard  to 
noise  generation  but  to  frequency 
control  as  well.  A  chapter  by  Eric 
Durand  discusses  various  local 
oscillator  frequency  stabilization 
methods,  including  constant  fre¬ 
quency  difference  and  constant  ab¬ 
solute  frequency  schemes. 

The  completeness  of  the  text,  its 
use  of  but  lack  of  dependence  on 
mathematics,  the  large  number  of 
practical  design  problems  consid¬ 
ered  and  the  detailed  drawings  and 
data  presented  make  this  text  very 
useful.  Anyone  desiring  to  know 
more  about  this  field  of  microwave 
techniques  would  do  well  to  read 
this  book. — Joseph  Kaufman,  Na¬ 
tional  Radio  Institute,  Washington, 
D.  C. 
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AT  LOW  COST 


TURNER 

Mode/  20X 


Designed  for  home  recording,  paging  system,  public 
address  and  amateur  work.  Unusually  smooth 
response,  exceptionally  high  level.  High  quality 
crystal.  Light  in  weight  and  natural  to  hold. 
Hangs  on  hook  when  not  in  use.  Baked  brown 
enamel  finish.  List  ....  $12.85. 


CONDENSED  SPECIFICATIONS 


Techniques  in 
Experimental  Electronics 

By  C.  H.  Bachman,  Associate  Pro¬ 
fessor  of  Physics,  Syracuse  Univer¬ 
sity.  John  Wiley  &  Sons,  New  York, 
1948,  252  vages,  $3.50. 

In  this  short  book  the  author,  for¬ 
merly  with  G-E,  describes  the 
equipment  and  methods  used  in 
laboratory  vacuum  systems,  espe¬ 
cially  with  electronic  discharge  de¬ 
vices.  Liberal  comparisons  and 
evaluations  of  the  methods  dis¬ 
cussed  make  the  book  a  useful 
guide;  practice  is  stressed  rather 
than  theory. 

About  the  first  two-thirds  of  the 
book  is  devoted  to  vacuum  systems : 
pumps,  traps,  baffles,  gages,  valves 
and  controlled  leaks,  demountable 
joints,  glass  blowing,  leak  detection, 
glass  systems,  and  metal  systems. 
The  last  third  of  the  book  discusses 
electronics:  cathodes  and  sources 
of  charged  particles,  control,  and 
assembly  and  processing  in  the 
laboratory.  Two  chapters,  one  on 
controls  and  gadgets  and  one  on 
hints  and  techniques,  contain  many 
suggestions  based  on  experience 
that  can  .save  others  the  need  for 
learning  the  hard  way. 

As  a  comprehensive  discussion  of 
the  subject,  the  book  is  especially 
valuable  for  the  specific  mentions 
of  materials  and  equipment  that 
have  proved  suitable  under  various 
conditions.  The  treatment  is  well 
adapted  to  the  needs  of  the  begin¬ 
ning  experimenter  concerned  with 
simple  vacuum  and  electronic  prob¬ 
lems,  such  as  the  graduate  student. 
It  should  be  supplemented  with 


Response:  5  db  from  50 — 7000 

c.p.s. 

Level:  54  db  below  1 

volt  dyne/sq.cm. 

Cable:  7  ft.  attached, 

shielded. 

Dimensions:  6^4"  long  x  1"  thick  x 
Z'/e"  wide. 

Weight:  8  oz. 

Licensed  under  patents  of  the 
Brush  Development  Co. 


For  complete  information  write 


THE  TURNER  COMPANY 

905  17th  Street  N.  E.  Cedar  Rapids,  Iowa 
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Instant  starting,  small  size,  long  life  and  simplicity  of  in¬ 
stallation  are  a  few  of  many  features  of  the  Seletron  Family. 

Under  all  service  conditions  they  have  established  a  record  for 
dependability.  Accepted  and  recommended  by  leading  engineers 
and  manufacturers. 
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works  on  the  theory  of  gases  and 
electronics,  naturally.  The  book  is 
a  utilitarian  manual. — F.H.R. 


TEST  TV  TRANSMISSION 
★  and  RECEPTION  ★ 

TELEQUIP 

with 

Monoscope  Picture  Generator 
and  Distribution  Panel 


Crystal  Rectifiers 

Vol.  15  of  the  MIT  Radiation  Labora¬ 
tory  Series,  EniTED  by  Henry  C. 
Torrey  and  Charles  A.  Whitmer. 
Me^aw-Hill  Book  Company,  New 
York,  1948,  443  pages,  $7.50. 

Early  in  the  development  of  micro- 
wave  radar  it  was  found  that  the 
ol^  familiar  crystal  rectifier,  in 
suitably  modernized  form,  offered 
considerable  promise  as  a  high- 
sensitivity  mixer  crystal.  With 
further  development,  improvement 
in  sensitivity,  stability  and  rugged¬ 
ness  resulted  in  a  reliable  com¬ 
ponent,  superior  in  performance  to 
any  vacuum  tube,  which  was  uni¬ 
versally  used  in  microwave  radar 
mixers.  It  is  not  surprising,  there¬ 
fore,  that  an  appreciable  percentage 
of  the  total  research  and  develop¬ 
ment  effort  of  the  microwave  radar 
program  was  devoted  to  crystal 
rectifiers. 

The  MIT  Radiation  Laboratory 
not  only  carried  out  a  broad  re¬ 
search  program  in  all  aspects  of  the 
crystal  rectifier  but  also  coordin¬ 
ated  the  simultaneous  research  pro¬ 
grams  of  many  university  and  in¬ 
dustrial  laboratories.  The  purpose 
of  the  book  is  “to  present  the  fund 
of  knowledge  on  crystal  rectifiers 
that  accumulated  during  the  course 
of  World  War  II”. 

Although  the  main  application 
was  that  of  mixer  crystals,  the  low- 
level  video  rectifier  for  microwave 
beacon  systems  was  of  considerable 
importance.  Crystals  were  also 
widely  used  in  laboratory  measure¬ 
ments,  particularly  for  wavemeter 
resonance  indication  and  relative 
power  measurements. 

After  a  discussion  of  the  proper¬ 
ties  of  semi-conductors  from  the 
present  theories  of  the  solid  state, 
a  summary  is  given  of  the  most 
recent  theories  applicable  to  the 
semi-conductor  point-contact  recti¬ 
fier.  A  major  portion  of  the  book 
is  devoted  to  the  crystal  converter 
and  includes  thorough  treatment  of 
the  crystal  characteristics  of  con¬ 
version  loss,  noise,  r-f  and  i-f,  im¬ 
pedances  and  burnout  properties. 
The  remainder  of  the  book  is  de¬ 
voted  to  special  types  including  the 
video  detector  crystals.  Repre¬ 
sentative  manufacturing  tech¬ 
niques  are  given  for  the  various 


Produces  regular  pictures  used  with  TV  trans¬ 
mitters.  Gives  synchronizing,  driving  and 
blanking  signals  for  testing,  research  and 
development  work,  with  monoscope  controls 
and  distribution  sii 


ignals  for  use  at  various 

point,  twin,. 

Invaluable  to  manufacturers  of  TV  receivers 
and  broadcasting  units  for  checking  faults  not 
likely  to  be  observed  by  other  methods.  Cah 
be  used  at  transmitting  stations  as  auxiliary  unit.  Available  either 
in  combination  or  as  separate  units. 

Now  used  mxcivtiviy  by  many  loading  manufaeturon  of  fe/e- 
vhion  oquipmont. 
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LINEAR  ACCELEROMETER 


The  Bendix  Model  TTG-1A  Linear  Accelerometer  is 
one  unit  of  a  complete  line  of  variable-reluctance 
sensing  instruments  designed  for  use  in  the  Bendix- 
Pocific  Subminiature  Telemetering  System. 
Minimum  range;  6  G  Weight:  0.6  lb. 
Maximum  range:  100  G  Dimensions:  IVl" 
Natural  frequency:  diom.  1-11/16" 

40  c.p.s.  minimum  long 

The  manufacture  and  supply  of  sensing  instruments 
and  telemetering  components  is  one  phase  of  a 
complete  telemetering  facility  available  at  Ben- 
dix-Pocific.  Services  include  installation  and  appli¬ 
cation  engineering,  field  operations,  data  reduction, 
and  engineering  consultation.  Additional  informa¬ 
tion  on  the  Linear  Accelerometer  or  other  teleme¬ 
tering  units  is  available  upon  request  fr6m 
qualified  companies. 
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crystal  types  as  well  as  a  discussion 
of  the  various  measurement  tech¬ 
niques.  This  includes  both  labo¬ 
ratory  methods  for  comprehensive 
measurements  and  detailed  descrip¬ 
tions  of  standardized  test  equip¬ 
ment  for  production  testing  of 
crystals  for  the  most  important 
frequency  bands. 

Probably  the  most  outstanding 
development  in  this  field  was  the 
discovery  during  the  war  by  Ben- 
zer,  of  Purdue  University,  of  the 
high-inverse-voltage  germanium 
rectifier.  Although  developed  too 
late  for  application  during  the  war, 
this  rectifier  has  already  attained 
considerable  commercial  import¬ 
ance  in  communication  and  elec¬ 
tronic  equipment. 

Summarizing  as  it  does  the  en¬ 
tire  field  of  crystal  rectifier  develop¬ 
ment  during  the  war,  this  authori¬ 
tative  book  may  be  highly  recom¬ 
mended  to  physicists  interested  in 
the  theory  of  semi-conductors  and 
point-contact  rectifiers  and  to  mi¬ 
crowave  and  communication  engi¬ 
neers  interested  in  the  properties 
and  applications  of  crystal  recti- 
fie:s. — H.  Heins,  Sylvania  Electric 
Products  Inc. 


Simplify  your  product  development  and 
manufacturing  problems  by  calling  on 
Advance  Engineers  for  the  close  coopera¬ 
tion  they  are  prepared  to  give  you. 

This  service  not  only  applies  to  adaption  of  one 
or  more  of  the  basic  types  of  Advance  Relays,  which 
are  direaly  applicable  to  most  modern  electrical  con¬ 
trol  requirements,  but  may  be  utilized  for  the  devel¬ 
opment  of  special  test  models.  In  any  event,  you 
will  have  the  best  relays,  exaaly  as  you  want  them. 

Built  to  Army  and  Navy  apecifications  upon  roquost. 

Writ#  today  for  furthor  dotaila  and 
catalog  of  compfoto  lino. 
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1260  West  2nd  St.,  Lot  Angeles,  California  •  Michigan  9331 
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DK'TIOXARY  OF  GERMAN  ELEl'TRI- 
('AL  SYMBOLS.  Office  of  Technical  Serv¬ 
ices,  Department  of  Commerce,  Washing¬ 
ton  25,  D.  C.,  120  pages  (printed),  $.'i.('0. 
Approximateiy  1,200  symbols  used  to  de¬ 
signate  components  of  German  communi¬ 
cation  systems,  each  identifled  according 
to  conventional  American  designation.  In¬ 
cludes  symbols  for  switches,  relays,  tul)es, 
radar  components,  etc. 


rfeaiff  Model  10C3-Remote 
control  unit  with  both  high- 
and  low-gain  inputs  for  ail 
types  of  tuners  and  pickups. 


MODERN  COLLEGE  PHYSICS.  By  Har¬ 
vey  E.  White.  D.  Van  Nostrand  Co.,  Inc., 
.New  York,  N.  Y.,  1948,  802  pages.  $5.00. 
Designed  for  use  as  standard  retibired 
one-year  college  physics  course.  The  en¬ 
tire  last  quarter  of  the  book  is  devoted 
to  electronics  as  well  as  atomic  and  nu¬ 
clear  physics.  The  book  is  Intentionally 
tf)o  big  for  a  one-year  cour.se,  and  is 
divided  into  many  chapters  .so  instructc»rs 
can  pick  and  choose. 


amplifier  flat  within  0.2  DB  from  20 
to  20,000  cycles — with  intermodulation 
and  harmonic  distortion  reduced  to 
negligibility. 

Although  its  "paper  performance” 
surpasses  that  of  any  other  amplifier, 
the  Brook  must  really  be  heard  to  be 
fully  appreciated.  Wben  you  hear  the 
Brook  alongside  other  amplifiers — any 
amplifiers — you  are  in  for  an  exper¬ 
ience  that  is  both  surprising  and 
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Write  today  for  copy  of  distortion 
analysis  and  Descriptive  Bulletin  AF-8! 


The  Brook  All-Triode  Amplifier  is 
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provide  the  cleanest  possible  reproduc¬ 
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It  makes  use  of  low-mu  triodes 
throughout  —  specially-designed  trans¬ 
formers — and  the  Brook-patented  Auto¬ 
matic-Bias-Control  circuit  which  more 
than  doubles  efficiency  of  the  output 
system  and  at  the  same  time  reduces 
harmonic  distortion.  The  result  is  an 


MODERN  PHYSICS.  By  G.  E.  M.  Jaun- 
cey.  D.  Van  Nostrand  Co.,  Inc.,  New 
York,  N.  Y.,  1948,  third  edition,  561  pages. 
$6.00.  Intermediate  between  first-year 
course  in  college  physics  and  advanced 
undergraduate  physics  courses.  Revisions 
serve  chiefly  to  cover  advances  made  in 
physics  since  publication  of  the  second 
edition  in  1937. 
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Littelhse  Makes  Headline  News 
with  In-Line”  Fuse  Retainer 

Littelfuse’s  Iate»t  development:  the  "in¬ 
line”  fuse  retainer  for  fingertip  ease  in 
fusing.  Precisely  molded  of  high  im¬ 
pact  bakelite  and  designed  primarily 
for  low  voltage  applications:  car  radios, 
heaters,  spot  lights  and  other  automotive 
trouble  spots  where  a  fool-proof  easy- 
to-handle  fuse  installation  is  desired. 
The  strongly  spring-locked  retainer 
opens  with  a  "push-and-twtst”  of  the 
finger  tips.  Inside,  the  fuse  rests 
against  knife-edged,  cup  contacts  that 
assure  greatest  degree  of  contact  with 
lowest  voltage  drop.  Doubled  wall 
thickness  at  juncture  of  shoulder  and 
lower  body. 


Available  for  all 
standard  awlemo* 
tiva  fuse  sites. 
Retainer  may  be 
had  with  er  with* 
out  wire  leads 
and  terminals, 
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^IN-RESrCO 

W/Rf  WOUND 

RESISTORS 


APPLICATION-dESIGNED  RESISTORS' 
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^snm  HAMS  ttvin  SON 


Hassall 


NEW  BOOKS  (continued) 

complete  Synchro  system.  Synchro  differ¬ 
ential,  control  transformer,  use  of  capaci¬ 
tors,  fusing,  characteristics  of  standard 
synchros,  standard  connections,  xeroing 
ssmchros,  lubrication,  troubleshooting,  in¬ 
terior  communication  units,  step  by  step 
ssrstems,  and  converters. 


LogarifhmK 


High  Sensitivity 

AC  VOLTMETER 

50  MICROVOLTS  TO  500  VOLTS 

MODEL  47  VOLTMETER 


FREQUENCY  MODULATION,  Volume  I. 
Published  by  RCA  Review,  Princeton, 
N.  J.,  1948,  515  pages,  |2.50.  Reprints  of 
papers  by  RCA  authors  covering  the 
period  1936-1947,  in  four  sections:  Gen¬ 
eral  ;  Transmission ;  Reception ;  Miscel¬ 
laneous.  Additional  papers  are  included 
in  summary  form  or  are  listed  in  the 
bibliography  at  the  end  of  the  book. 
Cloth-bound. 


SELF-CONTAINED 
ALL  AC  OPERATED  UNIT 


An  extremaly  sensitive  om- 
plifier  type  instrument  that 
serves  simultaneously  as  a 
voltmeter  and  high  gain 
amplifier. 

•  Accuracy  ±2%  from  15 
cycles  to  30  kc. 

±5%  from  30  kc.  to 
100  kc. 

•  Input  Impedance  1  meg¬ 
ohm'  plus  15  uut.  shunt 
^opacity. 

•  Amplifier  Gain  40000 


ELEaiBNTARY  RADIO  SERVICING.  By 
William  R.  Wellman.  D.  Van  Nostrand 
Co.,  Inc.,  New  York,  N.  Y..  1947,  260 
pages,  13.00.  Troubleshooting  and  repair, 
for  vocational  school  students  and  others 
who  have  already  studied  radio  and  mas¬ 
tered  some  of  the  principles  of  receiver 
construction.  Forty  job  sheets  at  ends  of 
chapters  give  step-by-step  instructions  for 
carrying  out  laboratory  experiments.  No 
mathematics,  and  minimum  theory. 


Also  MODEL  45 
WIDE  BAND 
VOLTMETER 
.0005  to  500  Volts! 
5  Cycles  1600  kc. 


THE  LOG  LOG  SLIDE  RULE.  Written 
and  published  by  Edward  C.  Taylor, 
Woodstock,  Vermont,  24-page  booklet, 
11.00.  Advanced  instruction  pamphlet 
telling  how  to  use  the  log  log  rule  for 
solving  practical  problems  in  which  ex¬ 
ponentials,  natural  logarithms,  decimal 
powers  and  hyperbolic  functions  have  to 
be  evaluated  numerically. 


A  few  of  the  many  uses, 


e  Gain  and  frequen^  measurements  for  all 
types  of  audio  equipment. 

•  Densitomctric  measurements  in  photog¬ 
raphy  and  film  production. 

•  Light  flux  measurements  in  conjunction 
with  photocells. 


•  Output  indicator  for  microphones  of  all 

typ**- 

•  Low  level  phonograph  pickups. 

•  Acceleration  and  other  vibration  measur¬ 
ing  pickups. 

•  Sound  level  measurements. 


ELECTRIC  RESISTANCE  WELDING.  Pub¬ 
lished  by  Harold  S.  Card,  850  Euclid  Ave., 
Cleveland  14,  Ohio,  22  pages,  11.00.  Nearly 
050  articles  published  in  49  magazines 
from  1936  to  June  1947  are  listed  chrono¬ 
logically  by  publication.  An  index  pro¬ 
vides  a  subject  key  to  the  bibliography. 


Writ*  for  Complete  Information 


42-17A  Douglaston  Parkway 
DOUGLASTON,  L.  I.,  N.  Y. 


TABLES  OP  SPHERICAL  BESSEL  FUNC¬ 
TIONS.  VOL.  11.  Mathematical  Tables 
Project.  National  Bureau  of  Standards,  Co¬ 
lumbia  University  Press,  New  York,  1947, 
328  pages,  $7.50.  This  volume  extends  the 
range  for  ir  from  29/2  to  61/2,  Vol.  I 
having  covered  the  range  from  1/2  to  27/2, 
for  the  Spherical  Bessel  Function 
(T/2»)V»jK(a:). 


DISSOCIATION  ENERGIES?  AND  SPEC¬ 
TRA  OF  DIATOMIC  MOLEX:?ULES?.  By 
A.  G.  Gaydon.  John  Wiley  &  Sons,  Inc., 
New  York,  1947,  239  pages,  $5.00.  Ameri¬ 
can  edition  of  a  British  book  covering  this' 
aspect  of  molecular  .spectroscopy.  Final 
chapter  gives  numerical  data  for  about 
250  diatomic  molecules.  Electron  impact 
methods  are  covered  in  chapter  VII. 


special  nails  •  rivets  •  screws  •  made  to  your  order 


BRITISH  RADIO  COMPONENTS.  Radio 
Component  Manufacturers’  Federation,  22 
Surrey  St.,  Strand,  London  WC2,  Ehigland, 
1947,  184  pages,  21  shlllingrs.  Addresses 
of  members,  achievements  of  British  radio 
Industry,  classified  index  of  British-made 
radio  components,  advertisements  of  man¬ 
ufacturers  and  list  of  trade  names. 


HASSALL  may  solve 

your  immediate  special  part  problem 
. . .  Special  and  threaded 

parts  made  in  diameters  from  1/32" 
to  3/8"— lengths  up  to  7"...  Rivets 
3/32" diameter  and  smaller  a  specialty 
. .  .Variety  of  metals,  finishes  and  sec- 
ondary  operations  . . .  Economy,  qual- 
ity  and  quick  delivery  in  large  or  small 

quantities ..  .Tell  us  what  you  need  '  / 

...We  will  answer  promptly.  ASK  FOR  FREE  CATALOG.  3 -color 
Decimal  Equivalents  Wall  Chart  free  on  request. 


STANDARDS  ON  RADIO  RECEIVERS  - 
Methods  of  Testing  Frequency-Modula¬ 
tion  Broadcast  Receivers.  'The  Institute  of 
Radio  Ehigineers,  New  York  21.  N.  Y., 
1947,  15  pages,  60  cents.  Sequel  to  1938 
report  dealing  with  a-m  receivers,  limited 
to  l)roadcast  f-m  receivers  designed  to  op¬ 
erate  at  carrier  frequencies  l)etween  S8 
anti  1U9  me. 


RADIO  DATA  BOOK.  By  W.  F.  Boyce 
and  J.  J.  Roche.  Boland  and  Boyce,  Inc., 
Pultlishers,  Montclair,  N.  J.,  1,148  pages, 
$5,110.  Handbook  format,  pre.senting  200 
pages  of  basic  circuits  without  values  of 
components,  a  hundred  pages  on  lest 
equipment,  and  sections  on  measurements, 
antenna.s,  sound  systems  and  sound  re¬ 
cording.  Ttibe  data  fills  325  pages;  the 
remaining  263  pages  cover  formulas, 
graphs,  tables,  symbols,  codes,  64  pages 
of  complete  circuit  diagrams  of  radio 
equipment  with  values,  an  abridged  dic¬ 
tionary  of  terms,  and  a  glossary  of  radio 
books. 


OHN  HASSALL,  INC.  v 

Manufacturers  of  Cold-Headed  Specialties— Established  1850 
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HIGH  VOLTAGE 
POWER  SUPPLIES 


PROBLEM:  A  compact  adjustable  100  KV 
Power  Supply  was  needed  for  the  deflector 
plate  of  a 
large  cycio- 


Backtalk 


MAJOR 

SPECIFICATIONS: 

Input:  tl5  Yolts,  60  cycles,  300  YOlt- 
omperes. 

Output  Vo/toge:  0-100  kilovolts  DC; 
positive  grounded. 

Output  Currant:  1.2  milliomperes  at  100 
KV. 

Circuit:  Voltage  quadrupler. 

Site:  23"  cubed. 

Oil  Requirements:  65  gallons. 


Power  Supplies  up  to  200,000  volts  DC, 
r^ulated  or  unregulated,  built  to  speci¬ 
fications.  Compactness,  low  cost  and  rapid 
delivery  featured. 

Submit  your  high  voltage  power  supply  re¬ 
quirements  to  us  for  a  prompt  bid  on 
price  and  delivery. 

OTHER  BETA  PRODUCTS  INCLUDE; 

KILOVOLTMETERS:  Up  to  50  KV  at 
50,000  ohms  per  volt.  20  pa  drain. 

PORTABLE  POWER  SUPPLIES:  Adjust- 
table  from  0  to  30  KV  DC.  Regulated 
and  unregulated  units  available. 

ELECTRONIC  MICROAMMETERS:  0.01 
pa  full-scale  to  100  pa  full-scale  in  5 
decade  ranges.  Cannot  be  damaged  by 
overload. 

ELECTRONIC  RHEOSTATS:  Resistance 
continuously  variable  from  obove  100,000 
megohms  to  below  100,000  ohms.  Good 
for  voltages  up  to  15  KV. 

Send  for  descriptive  literature. 

Sales  Engineers  throughout  the  country  are 
at  your  service  to  discuss  our  products 
more  thoroughly  with  you. 


^  B  E  T  A 

ELECTRONICS  CO. 

17tl  third  Ave.,  New  York  29.  N.  Y. 


This  department  is  oper¬ 
ated  ns  an  open  forum 
where  onr  reatlers  may 
discuss  pndtiems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


Phantastron  Decimal 

Dear  Sirs  : 

In  Table  2  of  the  article  in  the 
April  issue  of  Electronics  on 
phantastrons,  all  the  values  of  de¬ 
lay  in  microseconds  should  be  di¬ 
vided  by  ten;  that  is,  50  instead  of 
500,  250  instead  of  2500,  etc.  This 
inadvertent  misplacement  of  a  deci¬ 
mal  point  would  be  somewhat  em¬ 
barrassing  if  a  person  built  a  phan- 
tastron  using  the  values  of  the 
table  and  expected  a  delay  ten  times 
longer  than  they  would  get. 

The  values  in  the  first  column 
are  for  a  circuit  which  worked. 
However,  for  circuits  which  have  a 
small  value  of  maximum  delay  time,  ■ 
the  circuit  is  somewhat  critical 
since  the  value  of  the  grid  con¬ 
denser  C„  is  beginning  to  approach 
the  value  which  one  might  expect 
for  stray  capacitance  in  a  badly 
laid-out  circuit. 

Matthew  T.  Lebenbaum 

Engineer 

Airborne  Instrument  Laborutori/ 
Mineola,  New  York 


Audio  Noise  Reduction 

Dear  Sirs  : 

Harry  F.  Olson’s  statement  (Elec¬ 
tronics,  Dec.  1947,  p  120)  that  he 
separates  signal  and  noise  on  the 
basis  of  amplitude  is  misleading. 

It  is  true  that  the  system  he  de¬ 
scribes  will  discriminate  against 
any  amplitude  below  a  certain 
threshhold  level — but  only  when 
said  amplitude  is  present  alone  (or 
with  other  sufficiently  small  ampli¬ 
tudes).. 

If  a  small  noise  voltage  below  the 
threshhold  level  and  a  signal  volt¬ 
age  of  such  a  magnitude  as  to  make 
the  sum  of  the  signal  voltage  plus 
the  noise  voltage  greater  than  the 


31/2  KW 
VACUUM  TUBE 

BOMBARDER 

or 

INDUaiON 

HEATING  UNIT 


Only  $975 

Never  before  a  value  like  this  3Vi  KW  bom 
border  or  high  frequency  induction  heater  .  . 
for  saving  time  and  money  in  surface  harden¬ 
ing,  brazing,  soldering,  annealing  and  many 
other  heat  treating  operations.  Is 

Portable  .  .  .  mounted  on  four  rubber 
coasters.  Width  14 Vi";  depth  27"; 
height  42  Vi";  weight  300#. 

Operates  from  220  volt  line.  Com|.lete  with 
foot  switch  and  one  heating  coil  mode  to  cus¬ 
tomer's  requirements.  Send  samples  of  work 
wanted.  We  will  advise  time  cycle  required 
for  your  particular  job.  Cost,  complete,  only 
$975.  Immediote  delivery. 

Scientific  Electric  Electronic  Heaters  are  made 
in  the  following  ranges  of  power:  1-2-3-5-7Vi- 
10-12Vi-15-1S-25-40-60-SO-100-250.  KW. 


Division  of 

‘S”  CORRUGATED  QUENCHED  GAP  CO. 

105-119  Monroe  St.  Garfield,  N.  J. 
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Product 


BACKTALK  (continiMd) 

threshhold  level  are  simultaneously 
present,  no  separation  of  signal  and 
noise  will  occur. 

The  statement  that  if  the  thresh¬ 
hold  level  “corresponds  to  the  maxi¬ 
mum  amplitude  of  the  noise,  the 
noise  will  not  be  reproduced”  is  ac¬ 
cordingly  incorrect,  except  under 
special  conditions  not  usually  at¬ 
tained. 

There  can  be  no  improvement  in 
‘signal  to  noise  ratio  by  use  of  the 
system  he  describes  except  during 
intervals  when  the  sum  of  the  sig¬ 
nal  plus  the  noise  is  less  than  the 
threshhold  level — which  is  of  course 
a  trivial  consideration. 

Henry  E.  Singleton 

.Veu!  York,  N.  V. 


WAVEFLEX  assembly  wUh 


synthetic  rubber  jack*!. 


Flexible  Waveguides 


Offer  these 

in  microwave  transmission: 


•  Lower  attenuation  loss 

•  Excellent  impedance  match 

•  Extreme  flexibility  without 
loss  of  efficiency 


energy  and  at  the  same  time  take  advan* 
tage  of  flexible  tubing  construction  by 
specifying  WAVEFLEX  flexible  waveguides. 
Write  for  literature  today. 


Rebuttal 

Dear  Sirs  : 

I  am  glad  that  Henry  E.  Singleton 
has  called  attention  to  some  parts 
of  my  paper  that  were  not  clear  be¬ 
cause  it  provides  me  with  an  oppor¬ 
tunity  for  additional  explanation 
and  clarification. 

It  is  impossible  in  a  discussion  or 
in  an  article  describing  the  system 
to  present  the  complete  theory  of 
electronics  involved  and  all  the  char¬ 
acteristics  of  speech  and  music 
which  conspire  to  make  the  system 
effective  in  reducing  noise.  Since 
the  elements  of  sound  reproduction, 
such  as,  for  example,  time-fre¬ 
quency  distribution  of  the  compo¬ 
nents  in  speech  and  music,  masking 
of  noise  by  tones,  threshold  and 
ambient  noise,  integrating  char¬ 
acteristics  of  the  ear,  are  known  to 
those  interested  in  sound  reproduc¬ 
tion,  it  appeared  superfluous  to  pre¬ 
sent  these  in  the  article.  Rather  I 
tried  to  present  the  physical  action 
of  the  system. 

Of  the  above  characteristics, 
there  is  one  outstanding  one, 
namely,  the  transient  nature  of 
speech  and  music  that  makes  it  pos¬ 
sible  to  reduce  noise  by  threshold 
system.  If  the  frequency  range  is 
divided  into  octave  frequency 
bands,  it  will  be  found  that,  in 
general,  there  are  relatively  long 
intervals  in  which  there  is  no  sig¬ 
nal  amplitude.  However,  the  noise 
is  always  present. 

Under  these  conditions,  in  the 
threshold  noise  reducing  system, 


TITEFIEX,  INC.  410  Frelinghuysen  Avt.,  Ncwork  S,  N.  J. 


WAVEFLEX,  the  flexible'  waveguide 
made  by  Titeflex,  Inc.,  affords  designers 
all  of  theodvontages  of  standard  rigid  wave¬ 
guides  plus  the  added  feature  of  flexibility. 

You  con* preserve  costly  transmission 


monger 

COILS 

ARE  MADE  WITH 

PRECISION 
*  BOBBINS 


More  wire  can  be  wound  to 
give  stronger  magnetic 
field;  or  less  wire  of  larger 
gauge  to  reduce  resistance. 
Bobbin  cores  are  spirally 
wound  and  heat  treated 
under  c  o  m  p  r  e  s  s  i  on  for 
greater  strength  with  less 
weight.  Insulation  strips 
are  unnecessary,  permitting 
closer  winding.  Flanges  are 
designed  in  three  types  for 
maximum  winding  area. 
PRECISION  makes  Dl- 
FORMED  PAPER  tubes  any 
length,  any  ID  of  OD. 


WRITE  FOR  SAMPLES 


2041  W.  CHARLESTON  ST.,  CHICAGO  47,  ILL 

PLANT  NO.  2,  79  CHAPEL  ST.,  HARTFORD,  CONN. 
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VITREOUS  ENAMELED 


ROUND  RHEOSTAT 


7  SlliS  10  TO  MO  W*TT 


PROMPT  SHIPMENTS 

WRITE  FOR  catalog  Vv 


SlIDE-CONTACT 

RHEOSTATS 

AND 

RESISTORS  A 

6  SIZES  130  Olff  UNI 


REX  RHEOSTAT  CO 

_ BALDWIN  L  I  .  N.  Y. 


FLUXES 


i  SODERING' 
BRAZING  &  WELDING 

IJ.AlllN  CO.INC.Cliifog*  31,111. 


GARDINER 


ELECTRON  TUBE 
MACHINERY 
OF  ALL  TYPES 

STANDARD 
AND  SPECIAL 
DESIGN 


H.  CROSS  Co 


We  spechlize  in 
Equipment  and  Methods 
for  the  manufacture  of 
RADIO  TUBES 

CATHODE  RAY  TUBES  4 

FLUORESCENT  LAMPS  1 

INCANDESCENT  LAMPS 

NEON  TUBES 

PHOTO  CELLS 

X-RAY  TUBES 

GLASS  PRODUCTS 

Production  or  Laboratory  Basis 


Ideal  tool  tor  manufarturen, 
electrielans,  maintenanee  men, 
etc.  Strips  insulation  from  wire 
sizes  irS  to  Jr30  .  .  .  750  to  1000 
wires  per  hour. 


No.  733 — 12  to  20  Wire-List  $6.00  \ 

Other  types  available.  ClQ  1 

“Speerlex"  Wire  Stripper  Kit —  I 

complete  with  wire  stripper  and 
7  interchangeable  blades  in 
special,  permanent  steel  box.  \ 

No.  744K  —  l>e  l.uxe  Speedex  ' 

Stripper  Kit — -complete  with  Automatic 

Model  Tool  and  all  blades . Ust  $17.00 

No.  733-K — Standard  Speedex  Stripper  Kit 

complete  with  all  blades . List  $1S.00 

W’rite  today  for  catalog  of  3,000  electronic 
products. 

GENERAL  CEMENT  MFG.  CO. 

Rockford,  Illinois,  U.  S.  A. 


MICROMETER 

FREQUENCY 

METER 


for 

CkseUns 
Trastmlttwt 
fron  100  Ke  Is  179  Mo. 
withls  0.01  per  ssst 

LAMPKIN  LABORATORIES,  INC. 

Bradenton,  Pin.,  U.  S.  A. 


KaMe  ENGINEERING  CO. 

1909  SEVENTH  STREET 
NORTH  BERGEN,  N.  J.,  U.  S.  A. 


WE  manufacture  a  complete  line  of  equipment 

SPOT  WUd>EB8,  eleetrle  from  H  to  50  KVA  XC  AB 


nCID  CONSTANT  VELOCITY 
UD I D  FREQUENCY  RECORD 

Here's  aa  iodispeosible  guide  for  fasc*  accu* 
race,  direct  cbecktog  of  phono  ptck'upa  and 
indirect  checkiog  of  recording  heads,  loud 
apeakers.  p.  a.  e<|uiproeoi.  etc.  W*.  double- 
faced  Vinylite  record  7t  RPM— recorded  in 
5  secoons.  HV10.000  cps,  400  cps,  1.000  cpa. 
Listsf)  )0ea.— 'SceycNirdiscnbuiororwrite- 


oi  A  TV  CsAaI/axm.  eiocmo  iroiD  ^  v  a  AP  ARP 

TUANSKORMKrS,  ipaclsl  and  standard  types  wm.^RS 

INCANDESCENT  LAMP  manufarturini  equipment  f-g-  inn  u 

FLUORESCENT  TUBE  MAKING  EQUI PMENT  400  Amns 

ELEtrntONlC  EQUIPMENT,  rscuum  pumps,  etc.  ** 

WET  GLASS  SLICING  and  euning  machines  for  laboratory  um 
GENERAL  GLASS  working  machines  ami  burners 
COLLEGE  GLASS  WORKING  units  for  studnnta  and  laboratory 
EISLER  ENGINEERING  CO. 

731  So.  I3th  St.  (near  Avon  Aval  Newark.  New  Isrsoy 


Custom  Built  Equipment 

Mechanical-Electrical-Electronic 
Complete  Units.  Metal  Parts 
Cabinets,  Chassis.  Boxes 
BUCK  ENGINEERING  Co.,  Inc. 

34-37  Morey  St.  FREEHOLD,  N.  J. 


MANUFACTURER 


ROSIN 

CORE 

SOLDER 


Microwave  components  and  attsmbllet,  all  frequen¬ 
cies:  wsvequide  chokss,  flanges;  straight  sections; 
bends;  twists;  test  equipment:  adapters.  Cable  con¬ 
nectors  and  adapters.  Cable  assemblies.  Coaxial 
linet.  To  government  or  your  specifications. 

SELECTAR  INDUSTRIES,  INC. 

401  East  138th  Street.  New  York  54.  N..T. 


Federated  Gardiner  Brand  ROSIN  CORE  SOLDER 
tifically  alloyed  from  the  purest  metals,  resulting  in  a 
precise  composition  which  will  give  strong,  corrosion-free 
bonds  in  all  electrical  work.  Comes  in  1  lb.  v-w 

and  5  lb.  spools.  [ 


ts  scien 


Moke  it  a  HABIT  ...  to  check 
this  pago— EACH  ISSUE 

THIS  CONTACra  SECTION  pupplementa  other 
advartlalne  in  Uili  iiaue  with  these  additional 
Mmoanoementa  of  produota  and  aervlcea  eaaentlal 
to  eOelent  and  eooaomical  operation  In  the  field 

H 

ELECTRONICS 


AMERICAN 

SMELTING  AND  REFINING  CO. 

WHITING,  INDIANA  (CHICAGO) 
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Searchlight  Sectioh 

(  OlMM94Msd  J 

EMPLOYMENT  IkllTlEC"  *  EQUIPMENT 

BUSINESS  :  WPKwKTUniTIE>  :  (Us«d  or  Rosolo) 

UNDISPLAYED  RATES -  DISPLAYED 

81.8*  1  Ifns.  Minimum  4  lloee.  To  figure  cdraoee  Discount  of  IS  %  If  full  psyment  Is  msds  la  sdvsaes 

payment  eount  5  everage  worde  si  s  Une.  for  4  consecutive  InwTtiooa 

Indieidmal  Spaces  with  border  rules  for  proodiieBt 

Positions  Wonted  (full  or  port  Uaie  lalsrled  en-  dlipliy  of  sdvertUomenu.  , 

ployment  only)  H  tbs  ibovo  retos  paysblo  In  The  sdvertlilng  rsto  Is  8S.0S  pst  Inch  far  su 

advince.  advertiilng  appearing  on  other  than  s  contrsct 

basil.  Contrsct  ratei  quoted  on  rcqueat. 

Bos  Numbers — Caro  of  publlcstlon  New  York.  Chi-  4*  odvertisino  it  meaiured  an 

csgo  or  Sen  Frinclico  oflBcet  count  at  1  line.  ,  one  column.  3  column^3S  Inches-^  s  PW. 

NEW  ADV’ERTISEMENTS  received  by  May  21st  will  appear  In  the  June  15th  lasue, 
subject  to  limltationa  of  space  available. 

BACKTALK  (continued)  , 

when  there  is  no  signal,  the  noise 
will  not  be  reproduced.  Further¬ 
more,  when  the  noise  and  signal 
are  of  small  amplitude  there  will  be 
a  reduction  in  noise.  This  is  cer¬ 
tainly  separation  of  noise  and  sig¬ 
nal  on  the  basis  of  amplitude.  Ob¬ 
viously,  when  the  amplitude  is 
several  times  the  noise  level  the  re¬ 
duction  is  small.  However,  under 
the  latter  conditions,  the  signal 
masks  the  noise  and  noise  reduction 
is  not  necessary.  It  may  be  men¬ 
tioned  in  passing,  that  none  of  the 
existing  noise-reducing  systems 
are  capable  of  reducing  noise  under 
full  signal  operation. 

The  effective  noise  reduction,  in 
the  frequency  bands  in  which  the 
nonlinear  elements  are  employed, 
is  10  to  15  decibels  depending  upon 
the  program  material.  With  speech, 
piano  and  other  impulsive  sounds, 
the  higher  value  is  obtained,  while 
in  the  case  of  popular  music  the 
lower  value  is  obtained.  All  those 
who  have  developed  or  operated  and 
heard  this  type  of  noise-reducing 
system  are  of  the  opinion  that  the 
noise  reduction  is  quite  outstand¬ 
ing  rather  than  trivial. 

Harry  F.  Olson 

Radio  Corporation  of  America 
RCA  Laboratories  Division 
PmncetoH,  N.  J. 

Stagger  Tuning 

Dear  Sir: 

I  wish  to  disclaim  responsibility  for 
the  captions  accompanying  the  dia¬ 
grams  in  my  article  “Stagger-Tuned 
Amplifier  Design”  in  the  May  1948 
Electronics.  In  particular,  Fig.  4 
and  6  are  interchanged,  the  numeri¬ 
cal  values  in  the  caption  of  Fig.  2 
are  erroneous,  and  the  word  “flat” 
must  be  omitted  in  the  phrase  “flat 
staggered-pair”  of  the  caption  to 
Fig.  5. 

Henry  Wallman 

Massachusetts  Institute  of  Technoloyy 
Cambridge  S9,  Massachusetts 


Anchored  at  sea  off  Ambrose  Chan¬ 
nel,  N.  J.,  the  pilot  ship  New  Jersey 
is  equipped  with  a  television  re¬ 
ceiver.  Installation  required  a  spe¬ 
cial  antenna  and  a  converter  to 
change  the  ship's  d-c  to  a-c.  Recep¬ 
tion  is  better  than  on  land.  Oc¬ 
casional  fading  is  corrected  by  a 
slight  change  in  the  ship’s  direction 
:ather  than  by  antenna  adjustment. 


REPIJKS  (Box  So.):  Address  to  office  nearest  you 

suw  YORK:  aao  w.  iand  at.  <ia) 

CHICAGO:  aao  S.  Michigan  Avb.  (11) 

SAS  FKASC18C0:  08  Post  Bt.  (i) 


POSITIONS  VACANT 

ELECTRONIC  DESIGN  Engineer — Boaton  Arm 
developing  electronic  Inatrumenta  for  radio¬ 
activity  detection  and  measurement.  Offers 
excellent  opportunity  for  high  cakbre  design 
engineer.  Write  full  details  P-4607.  Elec¬ 
tronics. 

PRODUCTION  ENGIN EER — Boston  Arm  man- 
ufacturing  electronic  radioactivity  instru¬ 
ments  has  opening  for  quallAed  men  experi¬ 
enced  in  engineering  production  models  from 
prototype  designs.  Position  also  entails  re¬ 
sponsibility  for  component  and  production 
quality  control.  Write  full  details  P-4608, 
Electronics.  _ 

ELECTRICAL  ENGINEER  with  good  theoreti¬ 
cal  background  for  independent  research  and 
development  laboratory,  Dayton,  Ohio.  Devel¬ 
opment  for  Industrial  client  comprises  small 
motors.  Industrial  electric  and  electronic  con¬ 
trols,  apparatus  and  devices.  In  reply  state 
education,  age,  experience,  and  salary  required. 
All  replies  held  conAdential.  P-4825.  Elec¬ 
tronics _ 

DEVELOPMENT  E.NGINEER— New  product 
development  engineer  for  electrical  mechani¬ 
cal  devices  for  middlewest  manufacturer.  Mini¬ 
mum  of  5  years  experience  and  good  record 
of  accomplishment.  Give  complete  details  and 
salary  desired.  P-4808.  Electronics. 


POSITIONS  VACANT _ 

PROJECT  ENGINEER — Electronic  engineer 
with  practical  background  in  television  is  re¬ 
quired  by  small  television  manufacturer  to  act 
as  project  engineer  on  television  distribution 
systems.  Metropolitan  New  Jersey.  P-48S8. 

Electronics. _ | _ 

.MALE -PRODUCTION  Engineer,  familiar  with 
vacuum  tube  production,  preferably  having 
chemical  experience.  P  4870,  Electronics  


EMPLOYMENT  SERVICES 

SALARIED  POSITIONS  83.500—835.000.  If  you 
are  considering  a  new  connection  communi¬ 
cate  with  the  undersigned.  We  offer  the  orig- 
.inai  personal  employment  service  (38  years 
recognized  standing  and  reputation).  The 
procedure  of  highest  ethical  standards  is  indi 
viduallzed,  to  your  personal  requirements  and 
develops  overtures  without  Intiative  on  your 
part.  Your  Identity  covered  and  present  posi¬ 
tion  protected.  Particulars  on  request.  R.  W. 
Bixby  Inc.,  278  Dun  Bldg.,  Buffalo  2,  N.  T. 


MANUFACTURER’S  AGENTS  WANTED 

Lariest  West  Coast  manufacturer  of  dials,  name 
platss  and  panels  seeks  additional  represontatlon. 
Good  volume  proposition  for  man  now  ealiinp  on 
wide  variety  of  industries.  New  luminescent  line 
has  iittle  or  no  competition. 

AW-4781,  Electronics 
621  South  Hope  St.,  Los  Angeles  14,  Calif. 


WANTED 

COMPUTER  ENGINEER 

Nationally  known  organization  seeks  experienced  engi¬ 
neer  to  assist  in  construction  and  operation  of  large  scale 
electronic  digital  computers.  This  is  permanent  position 
with  operating  company.  To  conserve  your  time  fmH 
ours,  letter  should  include  complete  summary  of  per¬ 
sonal  cmd  professional  data,  including  management  and 
business  background,  religion,  dependents,  salary  re¬ 
quirements  and  references.  This  is  on  outstanding  oppor¬ 
tunity  for  qualified  man. 

P-4784,  Electronics, 

520  North  Michigan  Ave.,  Chicago  11,  111. 


GLASS  ENGINEER 

A  progressive  New  England  Radio 
Tube  Mfg.  Company  is  in  need  of 
a  glass  engineer  for  development 
work.  This  man  must  have  con¬ 
siderable  industrial  experience  in 
general  glass  work.  Must  be 
familiar  with  modern  practises 
of  metal  to  glass  seals. 

P-4865.  Electronics 

330  West  42nd  Street,  New  York  18,  N  Y. 


WEST  COAST  I 

Development  Engineering  { 

Highly  interMting,  •saential  pro)bcts  in  the  I 
fields  of  audio-video  circuits;  magnetic  cir-  | 
cuits;  electronic,  mechanical,  and  optical  I 
apparatus.  Openings  for  creative  eUc- 
tronic  engineers  with  several  years  of  re¬ 
search  and  development  experience.  | 
Opportunity  with  small,  aggressive  devel¬ 
opment  ond  manufacturing  organisation  in 
the  Son  Francisco  Area. 

Reply  in  detail,  giving  education,  experi¬ 
ence,  and  salary  reguiremeiUs. 

BERKELEY  SCIENTIFIC  COMPANY 

Sixth  and  Nevin  Ave.,  Richmond,  Colifomia 
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EMPLOYMENT  SERVICE 

(Continued  fnmi  pace  267)  ____ 

KXKCUTIVES  $3,U00-»-’5.0O(l  Tins  iclialilo 
•ervlce.  established  1927,  is  geared  to  needs 
of  high  grade  men  who  seek  a  change  of  con¬ 
nection  under  conditions  assuring,  if  employed, 
full  protection  to  present  position.  Send  name 
and  address  only  for  details.  Personal  consul¬ 
tation  Invited.  Jira  Thayer  Jennings,  L).  pt. 

B.  241  Orange  At..  New  Haven,  Conn.  _ _ 

CHIEF  TV  Construction  Engineers,  Xmllter- 
studio  (AM-FM-TV)  engrs. ;  Station  Mgr.- 
engrs. :  Announcer-Tech.  Today — Write:  Radio 
Employment  Bureau,  Box  413,  Philadelphia, 
Pa.  _  _  _  _ 

“  POSITIONS  WANTED _ 

CORNELi.  GRAD.  21,  Math,  and  Physics  ma¬ 
jor;  electronic  design  and  development  ex¬ 
perience;  some  sales  exper. ;  active  radio  ham; 
desires  permanent  connection  with  electronic 
llrm  in  N.  Y.  C.  area.  PW-4707,  Electronics. 


TELEVISION  ENO. — Grad.  Physicist — 6  years 
experience  as  research  eng.,  familiar  with 
all  phases  of  the  art.  Also  nuclear  instru¬ 
mentation.  administrative  experience.  Desire 
position  where  know-how  and  initiative  are 
essential.  PW-4858,  Electronics.  _ 


TELEVISION  DEVELOPMENT  in  Canada? 

Senior  Engineer  requires  position  of  respon¬ 
sibility.  Fifteen  years  television  development 
in  important  position  with  E.  M.  I.  England. 
Experienced  Radar  Project  engineer.  PW- 

4751,  Electronics. _ _ 

ENGINEER,  GRADUATE  mechanical,  auto¬ 
mobile-aircraft.  Age  44.  vet.  Knowledge 
English,  French,  German.  Twenty  years  ex¬ 
perience  industrial,  railroad,  road,  and  air- 
traffic  flelds,  public  relations,  radio.  P.  O. 

Box  273,  G.  P.  O.,  New  York  1,  N.  Y. _ 

ELECTRONIC  ENGINEER  desires  position  in 
laboratory  reputable  company  making  in¬ 
dustrial  electronic  equipment  or  as  sales 
service  representative.  Ten  yr.  development 
experience.  PW  4883,  Electronics. 


MICROWAVE 

Surplus  test  equipment  and  misc.  com¬ 
ponents  for  microwave  frequencies.  We 
have  waveguide  sections,  crystai  holders, 
matched  leads,  attenuators,  wavemeters, 
directional  couplers,  rototing  joints,  anten¬ 
nas,  bends,  twists,  flex,  waveguide 
duplexer  sections,  coax,  to  waveguide 
adapters,  sand  loads,  tube  mounts,  wave¬ 
guide  conns.,  coaxial  conns.,  and  other 
components.  Also:  Signal  generators,  re¬ 
ceivers.  scopes,  pulse  trans.,  tubes,  mag¬ 
netrons,  complete  radar  systems,  etc. 

SEND  FOR  COMPLETE 
ILLUSTRATED  CATALOG 

MICROWAVE  EQUIPMENT  CO. 

Offices  and  Showroom  now  located  at 

397  BLOOMFIELD  AVENUE 
VERONA,  NEW  JERSEY. 

Verona  8-0633 


OSCILLOSCOPES 

SYNCROSCOPES 

Complete  repair  service 
ior  all  types  of  scopes 

LERU  LABORATORIES,  INC. 

360  Bleecker  St.,  N.  Y.  14.  WA-9-4194 


FOR  SALE: 

Three  used  Du  Mont  Mark  I 
Orthicon  Cameras,  complete 
with  full  complement — includ¬ 
ing  used  Orthicon  pick-up 
tubes.  This  equipment  is  ideal 
for  use  in  schools  for  instruc¬ 
tion  purposes,  and  serves  as 
the  nucleus  about  which  a  com¬ 
plete  camera  chain  can  be  con¬ 
structed.  The  cameras  are 
priced  at  $1,500.00  each,  f.  o.  b. 
New  York,  subject  to  prior  sale. 

Address:  SCOTT  HELT,  Chief  Engineer 

DU  MONT  TELEVISION  NETWORK 

515  Madison  Ave.,  New  York  22,  N.  Y. 


Broadcast  Transmitter 

Wostem  Electric  Type  D-87737  1000-watt 
broadcast  transmitter  modified  ior  high 
fidelity.  Being  used  daily  on  1330  kc. 
Available  about  June  first. 

WBBR,  Staten  Island  2,  N.  Y. 


SALES  ENGINEER  or 
EXECUTIVE  ASSISTANT 

Successful  E.E.  invites  inquiries  from  firms 
having  need  ior  addition  to  sales  engineer¬ 
ing  staff  or  administrative  assistant  to  top 
executive.  Background  of  researdi,  desiqm 
and  supervision  in  electronics  and  instru- 
mentotion  in  outomotive  and  aircraft  in¬ 
dustries  and  guided  missile  projects. 
Capable  of  handling  engineering,  purchas¬ 
ing,  production,  inspection  and  personnel. 
Young;  aggressive;  personable. 

SA-4867,  Electronics 

330  West  42nd  Street,  New  York  18,  N.  Y. 


FOR  SALE 

Qectrcnic  Manufacturing  Plant 

Transformers- Ampliiieri-assembly. 
Real  bargain  for  quick  sale, 
BO-S626,  Electronics 
820  West  42nd  Street.  New  York  II,  N.  T. 


RADIO  CABINETS 

and  wood  cabinets  of  all  types  built 
to  your  specifications. 
‘Ungineered  Wood  ProdncUon*’ 

THOMAS  MANUFACTURING  CO. 

NEENAH,  WISCONSIN 


COMMUNICATIONS  RECEIVERS 

All  types  expertly  repoired  ond  rebuilt  to  rigid  factory  specifications  or  better.  Colibra- 
tion.  alignment,  image  rejection  measurements  etc.,  to  highest  stondords.  All  service 
work  guaranteed.  Workmanship  you  con  measure. 

Authorized  Hallicrafters  and  Notional  Service  Center 

WINTERS  RADIO  LABORATORY 

11  Warren  Street  New  York  7,  N  Y.  ~  Cortlandt  7-1361 


WANTED 


WANTED 

WESTERN  ELECTRIC 
VACUUM  TUBES 

TypM  101 F,  I02F.  272A,  274A  or  B.  3I0A  or  B, 
31 1  A.  3I3C.  323A,  328A.  329A,  348A.  349A,  352A, 
373A,  374A,  3t3A.  394A.  12 1 A  Ballstt  Lsmst. 
W-4493,  Electronics, 

330  West  42nd  Street,  New  York  18,  N.  Y. 


WANTED 

Type  lOlB  1000/20  cycle  ringers 
manufactured  by  Federal.  Type  168602 
Ringer-oscillators  manufactured  by 
Western  Electric. 

W-4471,  Electronics, 

130  West  42nd  Street,  New  York  18,  N.  Y. 


WANTED 

Western  Electric  Carrier  Tele¬ 
phone.  Carrier  Telegraph  Equip¬ 
ment  and  Components.  Filters, 
repeating  coils,  transformers, 
equalizers.  Types  CFl.  CF2,  H, 
C,  and  other  carrier  equipment. 
Telephone  and  telegraph  re¬ 
peaters. 

W-4435,  Electronics 

330  West  42nd  Street,  New  York  18,  N.  Y. 


SAVE  RESEARCH  TIME 
BY  CONSULTING 

These  Indispensable  References: 
ELECTRONIC  ENGINEERING  MASTER  INDEX 
ELECTRONIC  ENGINEERING  PATENT  INDEX 
Descriptive  Literature  on  Request 
ELECTRONICS  RESEARCH  PUBL.  CO.. 

2  W.  46th  St.,  N.Y.  19 


THE  LOG  LOG  SLIDE  RULE 

A  new  end  complete  Instruction  book  wHh  doelmal 
point  eharts  tor  oxponontlal  and  loparlthmio  ealeu. 
lations.  HvaluaMo  for  thoso  usinp  exponentials 
Infroeuontly. 

PRICE  11.00 

EDWARD  C.  TAYLOR 

Woodstock,  Vermont 


TEST  EQUIPMENT 

Hero  ia  an  opportuni^  to  convert  your 
idle  Laboratory  Equipment  into  cash. 
Send  description  to 

W-4861,  Electronics 

330  West  42nd  Street,  New  Yorit  18.  N.  Y. 


WANTED 

All  type  of  surplus  oil  filter  and  bathtub 
condensers  oi  G.  E.,  Aerovox,  C-D  and 
Solar  manufacture.  Give  detailed  specifi¬ 
cations,  condition  and  quantities  available. 
Will  buy  complete  lots  it  price  is  right. 

W-4<H)9,  Electronics 

330  West  42nd  Street,  New  York  18.  N.  Y. 


WANTED 

APR  4  Coils 
and  Receivers 

TN  16,  TN  17,  TN  18,  TN  19 
and  TN  54. 

Microwave  equipment  and  all 
electronic  parts  in  any 
quantity 

\V-t82I,  Electronics 

330  West  42nd  Street.  New  York  18,  N.  Y. 
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★  PHYSICISTS 

★  RADAR  ENGINEERS 
'k  SYSTEMS  ENGINEERS 

•k  ELECTRONIC  ENGINEERS 

To  enable  us  to  carry  out  our  long-term  engineering 
program  on  missiles,  radar,  communications,  etc., 
we  must  add  a  considerable  number  ot  qualified 
graduate  engineers  with  electronic,  research  design 
and/or  development  experience  to  our  staff.  Please 
furnish  complete  resume  of  education,  experience 
and  salary  expected  to:  Personnel  Manager 

BENDIX  RADIO  DIVISION 

Bendix  Aviotion  Corporation 
Baltimore  4,  Maryland 


RADAR  ENGINEERS 

Exceptional  opportunity  in 

SOUTHERN  CALIFORNIA 

for  engineers  with  creative  de¬ 
sign  experience  in  RADAR  and 
associated  electronic  and  me¬ 
chanical  equipment.  Attractive 
v^orking  conditions,  first-rate 
plant  facilities,  salary  conunen- 
surate  with  ability.  State  avail¬ 
ability,  salary  expected,  and 
complete  details  of  experience. 

Reply  to 

Personnel  Manager 

GILFILLAN  BROS.,  INC. 

1815  Venice  Blvd., 

Los  Angeles  6,  Calif. 


WANTED 

AUDIO  ENDINEER 

Experienced  in  manufacture  and  test  oi 
radio  loudspeakers,  audio  transformers 
and  coils.  Write  details  of  education 
experience  and  personal  history.  State 
salary  requirements. 

BEST  MANUFACTURING  CO.,  INC. 

1200  GROVE  STREET,  IRVINGTON,  N.  J. 


PROGRESSIVE  ELECTRONIC  RESEARCH  AN! 
DEVELOPMENT  COMPANY 

has  several  openings  for  Senior  Electronic 
Engineers  of  superior  ability,  with  experience 
in  design  and  development.  Excellent  oppor¬ 
tunities  for  top  flight  men.  Send  complete 
resumes  and  salary  requirements  to : 


Personnel  Departmeni 

MELPAR,  INC. 

452  SWANN  AVENUE,  ALEXANDRIA,  VIRGINIA 


ELECTRONIC  MAJOR 

Offering  recent  graduate  inter¬ 
ested  in  electronic  digital  com¬ 
puters,  permanent  well-paying 
position.  Submit  letter  detailing 
experience,  personal  data,  edu¬ 
cation  and  salary. 

P-4785,  Electronics 

520  North  Michigan  Ave.,  Chicago  11,  III. 


Men  to  train  in  oil  oxploration  for  oooration  of 
(eitmograph  inttrumonte.  computing  Mitmlc  data, 
and  teiimic  surveying.  Beginning  salary— open, 
depending  upon  background;  oxcollont  opportunity 
for  advancement  determined  on  ingenuity  and  abil¬ 
ity.  Nature  of  work  requires  several  changes  of 
address  each  year;  work  indoors  and  out;  general 
locations  in  oil  producing  states.  To  apply,  write, 
givinp  scholastic  and  employment  backgrou.id;  ape. 
nationality,  marital  status;  and  include  recent 
snapshot  to; 

NATIONAL  GEOPHYSICAL  CO.,  Inc. 

8800  Lemmon  Ave.  Dallas  ?,  Texas 
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"VIBROTEST" 

RESISTANCE  AND  VOLTAGE 
TESTER 

RMittane*  Rano*  O-SOO  Hecohmii  (at  1.000  volts 
test  potential)  0-2000  Otuns 
Voltafs  Range  150-300-600  Tolls  D.C. 

.  150-300-600  Volts  A  C. 

Push  button  ^lon  for  resistanri  readinijs.  Op¬ 
erates  from  Internal  imwer  supply  off  two  #0  dry 
cells.  Large  4'  meter  and  knife  edge  pointer  In¬ 
sure  accurate  readings.  Complete  with  batteries, 
test  leads  it  iiLstructlons  in  metal  carrying  rase. 
Associated  Research  Inc.  Model  tf  204. 

Net  Price  $60.00  f.e.b.  N.  Y. 


WESTON  MODEL  311 
PORTABLE 

POTENTIAL  TRANSFORMER 

To  be  used  to  extend  the  range  of  any  predsion 
laboratory  standard  150  Volt  A.C.  meter. 

Maximum  iMtentlal  ratio  of  1.500  and  750  volts  to 
150  Volts. 

Normal  potential  ratio  of  1150  and  575  volts  to 
115  Volts. 

Frequency  rating  from  25-125  cycles.  Maximum 
.secondary  burden  of  15  volt-ampere.  Ratio  accur¬ 
acy  Is  within  1/5  of  1%  when  used  with  model  310 
or  326  meters.  Complete  In  polished  oak  case 
with  removable  cover,  lock  and  carrying  strap. 
List  Price  $247.50 
Net  Price  $90.00  F.O.B.  N.  Y. 


WESTON  MODEL  461-4 
PORTABLE 

CURRENT  TRANSFORMER 

This  unit  can  be  VLsed  with  any  precision  5 
.\mpere8  A.C.  Meter  to  extend  the  ranges  of  the 
meter  to  50,  100.  200,  2.50,  500  or  1000  Amperes 
A.C.  Accuracy  within  %  1%:  Normal  Second¬ 

ary  Capacity  =  15  Va:  Binding  Posts  for  .50  Am¬ 
pere  tan:  Inserted  primary  for  100.  200,  2.50.  ,500 
and  1000  Amperes;  Insulated  for  use  up  to  2500 
volts. 

List  Price  $98.00 

Net  Price  $35.00  f.e.b.  N.  Y. 


PANEL  METER 
COMBINATION  OFFER 

150  Volts  A.C.  Meter,  Triplett  331  JP  3V4'  ltd  0, 
liakellte  case. 

30  Ampere  A.C.  Meter,  Triplett  .331 -J I*  3'4'  Rd.  fl. 
liakellte  case. 

Both  Meters  for  $7.95 


MULTI-RANGE  PORTABLE 
A.C.  VOLTMETER 

Weston  Model  433,  1.50/.300/600  volts  AC.  Ac¬ 
curacy  within  \  ot  1%  from  25  to  125  cycles. 
Hand  calibrated  Mirror  .scale  4.04"  long  with  1.50 
scale  dlvl.sions:  Knife  edge  pointer.  Moving  Iron 
Rand  type.  Magnetically  shielded.  Dimensions 
6"xG'x34"  . Net  $47.50 


Voltage  Polarity  Phase  Rotation  Tester,  Triplett 
.337  AVP,  Checks  115,  220  and  440  line  voltage: 
locates  open  circuits,  blown  fuses,  damagevi  wir¬ 
ing,  etc..  Indicates  whether  A.C.  or  D.C.  and 
polarity  of  D.C. ;  Checks  phase  rotation  to  deter¬ 
mine  direction  of  rotation  of  motors,  operation 
of  controls,  etc. ;  Consists  of  a  3'  sviuare  meter 
and  a  small  polarized  vane  movement  In  a  small 
handy  sized  case.  Complete  with  36'  leads  with 
test  pnMls.  @  . $8.50 


Portable  (Chronometric) 
TACHOMETER 

•  Can  be  used  for  speeds  up  to  20,000  R.P.M, 

•  Can  be  used  for  lineal  speed  measurements  to 
10.000  F.P.M. 

•  Ideally  suited  for  teating  the  speedp  of  motors, 
particularly  of  fractional  horse  power,  ffener- 
ators,  turbines,  centrifuKals,  fans,  etc. 

•  Very  small  Torque — requires  practically  no 
power  to  drive. 

•  Unequalled  Readability  2"  Open  face  dial — 
each  division  on  large  dial  equals  10  R.P.M. ; 
each  division  on  small  dial  equals  1,000  R.P.M. 

•  Greatest  Accuracy — meets  Navy  specifications 
— guaranteed  to  be  within  Vb  of  1%. 

•  Results  of  test  reading  remain  on  dial  until 
next  test  taken. 

•  Push  button  for  automatic  resetting. 

•  Complete  with  the  following  accessories: 

1 — Large  pointed  rubber  tip  • 


Jaeger  Watch  Co.  Model  #43A-6 


1 — Large  pointed  rubber  tip  • 
1 — Large  hollow  rubber  tip 
1—6"  circumference  wheel  tip 


1—6"  circumference  wheel  tip 
1 — Operating  Instructions 
1 — Temperature  Correction  chart 
The  combination  of  the  above  features  will  give 
accurately,  within  a  few  seconds,  by  direct  read¬ 
ing,  the  R.P.M.  of  shafts  or  the  lineal  speeds  of 
surfaces  without  any  accessories  A>r  timing  of 
any  kind.  Each  unit  comes  complete  In  a  red 
velvet  lined  carrying  case  5"  x  3*4"  x  1%"  (case 
and  accessories  not  illustrated).  Net  Ll^  Price, 
$75.00 — Surplus — New— Guaranteed. 

Your  Cost  $24.50  fob,  N.  Y. 


CODE  TRAINING  SET  AN/GSC-T1 


Made  by  T.  R.  McElroy,  Boston 
operates  off  6.  12.  24  or  110  V  !>.(’.  or  110  V  or 
230  Volf.  CO  cycle. 

All  excellent  unit  for  schools  or  cIuIki  for  eixle 
training.  This  unit  is  deslgnevl  for  group  train¬ 
ing  of  telegraph  code  to  students  whereby  each 
.student  sends  a  mes.sage  from  any  prepared  te.vt 
to  the  instructor.  It  provides  a  visual  signal 
through  a  blinker  or  an  audible  signal  througii 
a  monitoring  speaker.  Has  volume  control,  varia¬ 
ble  freiiuency  oscillator,  a  phone  jack  for  a 


PORTABLE  A.  C.  AMMETER 
WESTON  MODEL  528 

DUAL  RANGE  0-3  Amp.  and  0-15  Amp.  full  scale 
for  use  on  any  frequency  from  25  to  50  cycles.  The 
ideal  instrument  for  all  commercial.  Industrial, 
experimental,  home,  radio,  motor  and  general  re¬ 
pair  shop  testing.  Comes  eomplete  with  a  genuine 
leather,  plushlined  carrying  case  and  a  pair  of  test 
leads.  A  very  convenient  pocket  sized  test  meter 
pricerl  at  less  than  56%  of  manufacturers  list. 
Vour  cost  . ONLY  $12.50 


monitoring  headset,  pitch  and  tone  control, 
rotary  switch  for  selecting  the  operating  voltage 
and  power  supply. 

Complete  with  spare  fuses,  power  cord  and  battery 
adapter;  10  Telegraph  Keys  with  10'  line  eacli, 
I  #6x5  tube  and  2  -6AG6  tubes. 

Complete  In  chest  1054'  x  17'  L  x  1354'  II  — 
Net  wt.  49  lbs. 

Can  be  used  anywhere— batteries  A.C.  or  D.C. 

Durable— Good  for  a  lifetime  of  Service!  NET 
fob.  NY  . $24.50 


WESTON  MODEL  528 
PORTABLE  A.  C.  VOLTMETER 

DUAL  RANGE  0-15  and  0-150  Volts  for  u.se  on 
any  frequency  from  25  to  125  eyries,  ('nmplete  with 
plushlined  leather  earrylng  case  and  a  pair  of  test 
leads.  This  Voltmeter,  with  the  matching  model 
Ammeter  above,  makes  an  ideal  pair  of  lest  meters 
for  any  mechanic  to  carry  around  in  his  tmtl  box. 


COMBINATION  OFFER:  .528  Voltmeter— .528 
Ammeter- BOTH  FOR  $21.00 


All  itews  are  Surplus-New-Guaranteed.  C.O.D.'s  not  sent  unless  accompanied  by  25%  Deposit.  Orders  accepted  from  rated  concerns,  pub¬ 
lic  institutions,  etc.,  on  open  account.  We  carry  a  complete  line  of  sutplus  new  meters  suitable  for  every  requirement,  such  as  portable, 
panel,  switchboard,  recording  instrumepts,  laboratory  standards,  etc.  Over  50,000  Meters  in  Stock.  We  also  stock  various  surplus  com¬ 
ponents,  tubes,  parts,  and  accessories  and  can  supply  large  quantities  for  manufacturers,  exporters,  etc.  Send  tor  free  circular  Manufactur¬ 
ers,  Exporters,  Dealers — We  invite  inquries. 

MARITIME  SV/ITCHBOARD 

338  Canol  Street  Worth  4-8216-7-8-9  New  York  13,  New  York 
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SEARCHLIGHT  SECTION 


Multiple  Range  Continuous  Indicating 

PORTABLE  TACHOMETER 


•  Ball  bearing  and  oilless  bearings  — >  re¬ 
quire  np  lubricatioan  whatsoever. 

•  Readily  portable— Pits  neatly  into  palm 
of  hand. 

•  Uear  shift  for  selecting  low,  medium 
and  high  ranges. 

•  Greatest  accuracy — neets  Navy  speci¬ 
fications  18-T-22.  Type  B,  Class  A.  , 

•  Complete  with  the  following  accessor¬ 
ies: 

I — Steel  tip 

1 — Conical  Rubber  tip  metal  monnted 

1 — Rubber  lined  metal  cone  tip 


HIGH  ALTITUDV  ALTIMETER 
Radio  Set  SCR-518 

This  Item  consist  of  a  complete  set  ot  apparatus 
for  installation  on  aircraft  for  use  in  detennining 
the  heisht  above  the  terrain.  The  nominal  range 
of  the  equipment  Is  from  0  to  20,000  feet,  but  is  In¬ 
operative  to  an  altitude  of  aiwroximately  30,000 
feet  The  complete  set  of  main  components  when 
equipped  with  tubes  and  fuses,  with  cable  Inter- 
conrections,  with  antenna  arrays,  and  primary 
power  source  connections,  properly  made,  constitutes 
a  complete  and  operative  equipment.  All  necessary 
voltages,  other  than  the  primary  source,  are  gen¬ 
erated  within  the  equipment.  The  source  of  power 
Is  an  aircraft  d-o  supply  of  24  to  28.6  volts.  The 
total  power  consumed  Is  approximately  300  watts. 
Operates  at  approximately  515  Megacycles. 

The  set  consists  of  6  major  separate  component 
item.s.  Receiver,  Transmitter,  Poteer  unit.  In¬ 
dicator,  Control  Box  A  Junction  box. 

This  equipment  comes  complete  with  antennae, 
connecting  cords,  brackets,  connectors  and  29  tubes 
as  supplied  by  the  manufacturer.  Brand  New — in 
original  cartons.  Made  by  RCA-govt.  cost  approxi¬ 
mately  $900.00.  Complete  with  OPERATING  IN¬ 
STRUCTIONS  &  CIRCUIT  DIAGRAMS 
Can  be  used,  as  Is,  for  use  as  an  altimeter,  or 
for  adaptation  to  radar  for  marine  use,  protective  or 
police  systems,  television  etc. 

The  many  valuable  parts  in  this  set  alone  are 
well  worth  many  times  this  low  price  of  Only  $24.50 
Shipping  weight  approximately  150  lbs.  f.o.b. 
N.  Y. 

(For  detailed  particulars  of  individual  components 
see  our  advertisement  In  the  May  1948  issue  of 
■'Electronics’') 


This  unit  is  of  the  cen¬ 
trifugal  mechanical  type 
and  is  designed  to  show 
INST  ANTANEOU8LY 
and  CONTINUOUSLY 
THE  SPEED  OR 
,  CHANGE  IN  SPEED  of 
any  revolving  shaft  or 
surface.  No  stop  watch 
s ,  or  other  mechanism  re- 
quired. 

•  Three  ranges  In 

i,  R.P.M.,  and  three 

‘  ranges  in  F.P.M. 

Low  Range  .  .  300- 
1,200  (Bach  division 
equals  10  R.P.M.) 
Medium  Range  1,000- 
4,000  (Bach  division 
equals  20  R.P.M.) 
High  Range  3,000- 
12,000  (Bach  divi¬ 
sion  equals  100 
R.P.M.) 

•  Large  open  dial  4" 
diameter. 

•  Ruggedly  constructed 
fiir  heavy  duty  serv¬ 
ice. 

1 — Peripheral  Rubber  wheel  1  ft.  In 
circumference 
1 — Extension  Rod 

1 — Sittall  slse  convex  rubber  tip,  metal 
mounted 

1 — Operating  instruction 
Made  by  Jones  Motrola,  Stamford.  Con¬ 
necticut.  Comes  complete  in  blue  velvet 
lined  carrying  case;  7  Vfe"  L  x  4"  H  x  B"  W. 
List  Price  fTS.OCl — Surplus — New — Guar¬ 
anteed. 

Your  Cost  $24.50  fob  N.  Y. 


Manufsetursr*  and  Exporteril 
Can  you  use  these  Items' 

We  have  quantities  of  these  units  available  and  can 
offer  them  to  you  at  attractive  prices. 


PRECISION  RESISTORS 

i;  1%  Accuracy,  Wire  Wound — Non  Inductive 
1.0  Meg  1.0  K.V. 

1.0  Meg  1.0  K.V. 

1.5  Meg  1.5  K.V. 

1.5  Meg  1.5  K.V 

1.5  Meg  1.5  K.V 

2.5  Meg  2.5  K.V. 

2.5  Meg  2.5  K.V. 

3.5  Meg  3.5  K.V. 

4.0  Meg  4.0  k.V. 

20.0  Meg  20.0  K.V. 

20.0  Meg  20.0  K.V. 


TERMINAL  BOARDS 

4— Terminal  Connections  3K'  L  x  2'  W  x  IVi*  H 
with  oover.  G.B. 

6 — Terminal  Connections  4^'  L  x  2'  W  x  1%'  H 
no  oover.  Q.E. 

8— Terminal  Connections  5H'  L  x  2'  W  x  IH'  U 
with  cover,  G.E. 


THERMAL  CIRCUIT  BREAKER 

120  Volt,  IS  Amp.  A.C.  Double  pole.  Single  throw. 
Curve  D.  By  Helneman  t’lrcuit  Breaker  Co. 
Catalog  «0322. 


D.  C.  MILLIAMMETERS 

MINIATURE  MILLIAMMETER  1.35  M.A.  500 
MV  mvt.  Black  scale  calibrated — .1  to  +  1.25 

G.E.  1%'  Square  flush  metal  case . $2.50 

1  MA  Slmoson  125  2H'  Rd  fl  bake  case. ..  .$3.50 
1  MA  G.E.  DW-51  100  MV  mvt.  so  cal  0.50  Ma 

2H'  rd  fl  bake  case . $3.50 

50  MA  G.E.  DO-41  black  scale.  3M'  rd  fl  hake 

rase  . $3.25 

50  MA  Weston  506  2H'  rd  fl  bake  case . $3.95 

150  Gnien  508  2H'  rd  fl  bake  case . $3.00 

200  Gruen  511  2H'  rd  fl  bake  case . $3.00 

200  MA  W.H.  NX-35  3H'  rd  fl  bake  case... $3.95 
50-0-50  MA  Westinghouse  NX-35  3*  rd  fl  bake 
case  . $3.95 


RADIO  FREQUENCY  AMMETERS 

250  MA  G.E.  Dw-52  black  sc.  sc  cal  0-5  mkd 
,  *‘A’itenmie  Current”  2t4'  rd  fl  bake  case.. $3.50 
1  A  G.E.  llW-44  2V4'  Rd  fl  bake  case . $3.50 

1  A  R.K.  G.E.  UW52  2)4'  metal  case . $3.00 

2  A  Simpson  135  24'  rd  fl  hake  case . $3.50 

3  A  G.E.  DW-52  black  scale  24'  rd  fl  hake 

4  A  G.E,  i>W-44  black  scale  24'  rd  fl  bake 

case  .  $2  95 

6  A  G.E.’  'DW-’t^'  ■  black’  ’scale’  ’  2’4'’  r’d  ’  ’fl  ’  bake 

8  A  G.E’.”D’w’-’4’4”’b’lack”sc’al’e”2’4'’  'r’d”fl”  bake 

8  A  Sim’p’so’n’m  2’>4’' ”id ’fl’bak’e”caie! ! ! ! !!  !$3!50 
20  A  G.E.  DO-44  34'  Rd  fl  bake  case . $4.95 


A.  C.  AMMETERS 

30  A— Triplett  331-J.P.— 34'  Rd  fl  bake  case. $4.00 

50  A  G.E.  AO-22  34'  Rd  fl  bake  case . $4.50 

60  Simpson  3'  sq.  fl  bake  case . $3.50 

75  A  Triplett  S31-J.P.C.  34'  Rd  fl  bake  case  $3.50 


D.  C.  AMMETERS 

15  A  Triplett  0321-T  34'  Rd  fl  bake  case... $4.00 
30-030  A  G.E.  DW-51  24'  Rd  fl  metal  case.  $3.50 

50  A  Hoyt  24'  Rd  fl  meUd  case . $2.95 

200  A  Weston  506  Comp  with  ext  50  MV  shunt 
24'  rd  fl  bake  case . $7.M 


D.  C.  MICROAMMETERS 

150  Microampere  McClintock  No.  2001  approx  740 
ohms  resistance  black  scale  24'  rd  fl  Imke 

case  . $3.50 

D.C.  MICROAMMETER  0-200  UA  movement  500 
ohms  resistance  4'  x  44'  Rectanglar  rase,  kiilfe 
edge  pointer.  Scale  calibrated  to  200  megohms  A 
20,000  ohms.  Caption  Insulation  Tester.  Sium-- 

rlor  In.struments  Co . &  $a50 

500  MICROAMPERE  UNDAMPED  MOVEMENT 
W.H.  RX-35  scale  calibrated  0-25  WatU  S'  Sq. 
fl  bake  case. 

Supplied  with  paper  VOMA  scale . $4.95 


A.  C.  VOLTMETERS 

15  V.  G.E.  AO-32  34'  Rd  fl  bake  case. ..  .$3.95 
75  V.  Weston  517  2'  Rd  fl  ring  mounted  metal 

case  . $2.95 

150  V.  Weston  476  Calibrated  for  use  from  25  to 

.500  cycles  34'  rd  fl  bake  case . M.50 

150  V.  Burlington  32XA  S'  Sq.  fl  bake  case.  .$4.00 
300  V.  Weston  517  24'  rd  fl  metal  case . $6.00 


D.  C.  VOLTMETERS 

5  V  W.H.  NX  33  200  ohms  per  volt  24'  bake 

case  . $3.50 

10  V  Sun  2  AP458  100  olmis  per  volt  24'  rd  fl 

bake  case  . $2.50 

15  V  Gruen.  GW505  24'  Rd  fl  bake  case . $3.50 

20  V  Weston  506  1000  ohms  per  volt  24'  Rd  fl 

bake  case . $3.50 

50  V  W.H.  NX-35  200  Ohms  per  volt  34'  rd  fl 

bake  case . $3.95 

200  V  W.H.  NX-35  200  Ohms  per  volt  34'  Rd  fl 
bake  case . $3.95 


SPECIAL  METERS 

Simpson,  25  SIGNAL  STRENGTH  ”S”  METER 
34'  rd  It  bake  case.  Use  this  on  the  plate  circuit 
of  your  receiver  to  show  the  relative  strength  of 
Incoming  signals.  Sc.  calibrated — 6  to  100  DB 
above  1  microvolt.  5  MA  Zero  right  mvt  with 
translucent  sc.  for  Internal  sc.  Illumination  from 
rear  of  meter.  Comp,  with  socket.  lamp  and 
leads.  For  further  details  refer  to  Radio  Ama¬ 
teur’s  Handbook  . $4.50 

DECIBEL  METER— Westinghouse  BC-35  —  10  to 
+  6  DB  3'  Sq.  fl  bakeUte  case  6  M.W.  500 
Ohms  xero  DB  =  1.732  volts.  FuU  scale  =  3.45 
volts  . $5.95 


All  items  are  Surplus-New-Guaronteed.  C.O.D.'s  not  sent  unless  accompanied  by  2So/„  Deposit.  Orders  accepted  from  rated  concerns,  pub¬ 
lic  institutions,  etc.,  on  open  account.  We  carry  a  complete  line  of  surplus  new  meters  suitable  for  every  requirement,  such  as  portable, 
panel,  switchboord,  recording  instruments,  laboratory  standards,  etc.  Over  50,000  Meters  in  Stock.  We  also  stock  vorious  surplus  com¬ 
ponents,  tubes,  parts,  and  accessories  and  can  supply  large  quantities  for  manufacturers,  exporters,  etc.  Send  for  free  circular  Manufactur¬ 
ers,  Exporters,  Dealers — We  invite  your  inquiries. 

MARITIME  SWITCHBOARD 

338  Canal  Street  Worth  4-8216-7-8-9  New  York  13,  New  York 
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June.  1948— ELECTRONICS 


®  SEARCHLIGHT  SECTION  ® 


GENERAL  ELEC.  SOLENOID 


GENERAL  ELEC.  SOLENOID 


SPECIALS 


No.  R-424S  120  V.  60  Cyo. 
Type  CR  950S-208Ij 
Complete  with  Armature 
$1 .00  each 


No.  It.4242  116  V.  60 
Cyc.  Type  CR  9503- 
309F  Complete  with 
Armature  $1.25  each 


THE  MONTH 


ADLAKE  Type  1040-80 


PBC  GENERAL  ELECTRIC 
OVERCURRENT  RELAY 


TRANSMITTER  BUY  OF  1948 

MODEL  ATD  AIRCRAFT 
TRANSMITTER 


No.  R-4012  Mer¬ 
cury  Time  Delay 
Relay  Normally 
Opens,  Cloees  In 
5  aeconds.  Opens 


,ButH 
to  Rigid 
Nary 
SptHI- 
eatloHS 


No.  R  -  4  0  1  0 
A  d  J  u  s  table 
from  1.6  to  3.0 
amperes.  110 
volt.  60  cyc. 
Reset.  $24.95 


In  .3  seconds. 


SWEEP  SIGNAL  GENERATOR 

MeMsrde  Sliver  Ce..  _ 

Model  900  FM  and 

Televitiea  Sweeo  Sit-  ^ 

nal  Generator  with  a 

froRueney  ranse  of  2  .  J,. 

me.  throuih  m  met.  /  Iv 

with  true  eleetronie  f ,  A 

FM  sweep  variable  ( (  .  _4  '  w  waw 

from  40  he.  te  9  me.  |  /Wj 

Power  resuired  It  \ Vmi  '^■'4'.  # - t-Jff  ’ 

105/125  V..  50/60  \\^  •  • 

eyelet  a.e.  at  35 
watts,  with  this  new  ^ 

unit  one  ean  visually 

alien  FM  and  TV  reeelvers  puieUy  and  perfeetly 
with  simple  hut  eomplete  instruetlons  supplied  for 
FM  and  TV  tervielnp. 

Priced  at  Only . $48.50 


This  unit  nevnrt  540  Kn.  to  9050  Ke.  C  W.  or  tone, 
detlened  for  Dynamotor  Operation.  Power  supply 
resulrements  are  380  volts  and  1000  volts  DC. 
Separate  Ant.  Tuninp  units  eoverlni  the 
followlnp  frequenelos: 

540—1500  Ke. 

1500—3000  Ke. 

3000—9050  Ke. 

Tube  line-up  at  follows:  RF  Ote.  6L6-RF  Amp. 
814 — Audio-— 68L7  Pro  Amp.  into  6L6  driver  and 
tide  tone  amsIlAor  with  pair  of  6L6  modulators, 
tereen  nsrillator  tube,  repulatnd  with  VR  150  tube. 
All  circuits  are  motored. 

tV/t’  hl|h,  I2>/^  deep,  21 '/s'  lone.  Shipping 
weight  100  lbs.  nice,  F.O.B.  Now  York  Cl^. 

FOR  QUICK  SALE— COMPLETE -  $49.50 


WHEELOCK  RELAY 


No.  R-4013  Double 
Pole  Double  Throw 
115  Volta  60  cyc. 
Coil  6  amp.  contacts. 

$2.85 


LAST  CHANCE 


HI-VOLTAGE  POWER 
SUPPLY 


MAGNETIC  DEFLECTION 
YOKES  for  Television  or 
large  scope  applicotions — 
for  use  in  RCA  TRK— 120 
and  similar  television  re- 

Catalog  #  Deflection  Horiiontal  Vertical  Overall 
Angle  Induct-  Induct-  Length 
ance  anee 

DY-IS  55*  5  mh.  19  mh.  2-.%* 

Price  $14.75 

DY-2L  40*  5  mh.  22  mh.  3-7/16' 

Price  $15.75 

DY-4L  40*  1.5  mh.  45  mh.  3-7/16* 

Price  $15.75 


Going  Like  “Hof  Cakes" 
At  This  Groatly  Reduced  Price 
New-Standard  Brand 


This  may  be  your  last  opportunity  to 
stock  up  on  spares  at  this  price— and  you 
fellows  who  plan  to  build  a  kilowatt  rig 
in  the  near  future — here  is  a  golden  op¬ 
portunity  to  still  get  in  on  this  "all  time 
new  low  price." 

This  is  a  single  tube  easy  to  drive  for 
full  kw  power  with  3000  v.  plate,  actually 
4-75  T's  in  one  envelope. 

"Filaments  checked  before  shipment" 


FIXED  FERRUL  TYPE 
CONDENSER 


SPECIAL 


No.  C-2fll4  Size  5%"  lonff  x  In  Diam¬ 
eter.  800  MMF.  @  8  K.V.D.C.  $1.49  each 


MASTER  OSCILLATOR  MI-19427-B 

This  unit  wat  built  for  R.C.A.  Add  a  final — beeomns  a  eomginta  tranimitter  with  signal 
shifter.  Perfect  for  Television  sweep  circuits  for  field  or  station  use  or  wherever  300  v. 
must  be  maintained  under  varying  load  conditions — 

COMPLETE  (less  tubes)  .  .  $225.00 

TECHNICAL  SUMMARY 

ELECTRICAL  CHARACTERISTICS 

I  Output  Frequency . 2  to  20  megacycles 

Output  Leve^  Buffer-Amplifler _ Sufliclent  to  drive  an  RCA-807 

Modulation  Frequency . 650  cycles  ±  150  cycles 

Frequency  Deviation  (maximum)  . ±500  cycles 

Power  Consumption  . 200  watts 

Posvar  Supply . 115  230  volts.  50/60  cycles 

Oscillator  FMament  Current  . 0.05  ampere  d-c 

Amplifier  and  Tone  Generator  Filament  Voltage . 6.3  volts  a-e 

TUBE  COMPLEMENT 

Elactron-Ceupled  Oscillator . 2  RCA-3Q5-GT 

Buffer-Amplifler . I  RCA-807 

Tone  Generator . I  RCA-6AB7.  I  RCA-6F6 

Reeuleted  Power  Sueolv  f  .••.••....2  RCA-5U4-G.  RCA-6Y6-G 
Keguiaiea  rower  supply  j . j  RCA.I852.  2  RCA-VR-150  30 

MECHANICAL  SPECIFICATIONS 
Dimensions.  .  .Height.  66  9  10  in.;  Width.  22  in.;  Depth,  l7'/a  in. 
TYPICAL  PERFORMANCE  DATA  Frequency  Change 

Line  vnitage  change  ±  10  ner  cent . 0.0005  per  cent 

Temperature  change,  per  degree  Fahrenheit . 0.0007  per  cent 

Relative  humiilitv  change  at  I  per  cent  evnr  the  range  of 
30  tn  95  at  a  dry  hulh  temecrature  nf  1 10  degrees  F 

0.0003  per  cent 

Drift  from  cold  start,  first  reading  taken  within  I  minute  after 
applying  power: 

Frequency  deviation  at  the  end  of  the  first  hour 

a  negative  drift  of  100-400  cycles  (measured  at  7  me) 


FILAMENT  TRANSFORMER 
— Hermetically  sealed  115  v. 
60  eye.  primary-sec.  91-6.3 
<S>  3  amp.  sec.  #2  2.5  volts  & 
2  amps.  Western  Electric  D 
spec.  9I6I9I7  insulated  for 
high  voltage  Inverse  peaks — 
designed  to  light  scope  tube 
and  2x2  tube  Stock  «T4I06— 
5'i'  high  X  2y4'  X  4'/i'  $3.95 


SCOPE  or  TELEVISION 
TRANSFORMER  —  Western 
Electric  Spec.  90I6I9I3— 
2500  Volts  @  4  MA.  Herme¬ 
tically  sealed  with  ceramic 
terminals  out  bottom,  prim. 
115  V.  60  eyes.  Stock  9T4I05 
—S'/e'  hiph  X  3%  X  4'/s'  $6.95 


4  PIN  GIANT  SOCKET 


No.  8  407  For  304TD  or  304  TM 
Very  few  left  in  surplus.  (Jet 
yours  NOW . $1.00 


NIAGARA  RADIO  SUPPLY  CORP 


Phone 

DIgby  9-1132-3-4 

All  Prices  F.  O.  B. 
N.  Y.  C. 


20%  DEPOSIT 
WITH  ORDERS 
UNLESS  RATED 


160  GREENWICH  STREET 


NEW  YORK  6,  N.  Y, 


June,  J948— ELECTRONICS 


w 


Type 

OA4G 


Price 

I.M 

.»• 

.88 

.M 

.88 

.72 

1.28 

1.28 

1.28 

.88 

l.M 

.88 

l.M 

1.28 

l.M 


2vIg.. 

2X2... 
3A4  .  . 
3A8GT 
3API.. 
3B7. . . 
3B22.  . 
3B23.  . 
3B34 . . 
3B2S .  . 
3BP1.. 
3C4 .  . . 
3(:24 .  . 
3D4.  .. 
3E24.  . 
3LF4.. 


1m37.  . . 

1B38.  . . 

1C5G. . 

1C4  .  . . 

1C7G.  , 

1D5GT. 

1D7G.  . 

1D8GT. 

lESGP. 

1E7G... 

1 F4  .  .  . 

1F5G... 

IF4  .  . 

1G4GT. 

1G4GT. 

1H4G  . 

IHSGT. 

1H4G.  . 

tJ4G... 

11.4  .. . 

11.A4.., 

1LA4... 

1LB4... 

1LC9... 

1LC4.. . 

1LE3.. 

1LD5.. 

1LH4.. 

ILNS.. 

INSG  . 

1P22 

1P5GT. 


3^GT 

4‘-fcSA  !  ! 
4-12SA. 
4-258A. 


4BG6 
4C4.  . 
4C5.  . 
6G4  . 
4G8G. 
4D4.  . 
4D4.  . 
4E5.  . 


Now  vi^uR  OPPORTUNITY 

WOW  your  gyY  tubes 

AT  "UNHEARD  OF'  LOW  PRICES 
LARGEST  STOCK  IN  THE  COUNTRY 


ALL  BRAND  NEW  —  STANDARD  BRANDS  QUANTITY  PRICES  ON  REQUEST 

IF  YOU  DON'T  SEE  WHAT  YOU  WANT  LET  US  KNOW  YOUR  REQUIREMENTS 


OY4 .  .  . 
•  1-A.  .  . 
OZ4.... 
1A3. .  .  . 
1A4  ... 
1A4P... 
l.\4T... 
1A9G... 
1A4  ... 
IA7G... 
1AB9... 
1B4.  . 
1B5  35S 
IB7G... 


1B15A .  4.4S 


IQSGT . 88 

1R4 .  1.84 

1T4 . 72 

ITSGT . 88 

U’4 . 72 

irS . 88 

1-V . 72 

2A3 .  l.M 

2A5 . 72 

2A4 . 88 

2A7 . 88 

2AP1 .  2.9* 

2B7 . 88 

2C22 . 49 

2C24A . 75 

2034  . 98 

2048  .  2.48 

2043 .  2.48 

20.44 .  1.75 

2021  .  1.49 

2F.5 . 88 

2F.22 .  1.58 

2F.24 .  4.37 

2F.25 .  3.95 

2E38 .  2.25 

2JB51 .  4.95 


20%  DEPOSIT 
WITH  ORDERS 
UNLESS  RATED 


5BP1 .  1 

5BP4 .  4 

50P1 .  3 

5FP7 .  3 

5JPI .  9 

5R4GV .  1 

5T4 .  1 

5TP4 .  28 

5l’4G  . 

5V4G . 

5W4 . 

5X4GT . 

5Y3GT . 

5Y4G . 

5Z3 . 

5Z4 . 

4A3  .  1 

4A5G .  1 

4A4 . 

4A7 . 

4A8 . 

4AB5  4N5.  .  . 

4AB7 .  1 

4A05GT . 

4A07 .  1 

4AD7G .  I 

4AF4G . 

4AF8 . 

I  4AG5 .  1 

4AG7  .  1 

4.AJ5 . 

4AK5 . 

4AK4 . 

4A1,5 . 

4AI.7GT .  I 

4A05 . 

4AQ4 . 

4AT4 . 

4Al'4 . 

4B4G .  1 

4B4G . 

4B7 .  1 

4B8 .  1 

4BA4 . 

4BE4 . 


(All  Tube  Types  in  Stock  Now  —  Subject  to  Prior  Sole) 

Price  Type 

Price  1  Type 

Price  1 

Type 

Price  1 

Type 

Price 

1.18  4F5 . 

.48  i  7i:7 . 

.72 

I4R7 . 

.88 

84,  4Z4 _ 

.59 

.49  4F4G . 

.72  1  7E5/I281.  . 

1.84 

14W7 . 

1.84 

85 . 

.72 

.72  4F4 . 

.72  1  7E4 . 

.72 

14X7 . 

1.84  ! 

89 . 

.72 

1.92  4F7  . 

1.84  1  7E7 . 

.88 

14Y4 . 

.88 

99V . 

1.54 

2.95  4F8G . 

1.84  7EP4 . 

17.95 

15AP4 . 

118.88 

99X  . 

1.54 

1.84  I  4G4G . 

.88  1  7F7 . 

.88 

15E . 

1.58 

188TH . 

..  12.95 

4.95  1  4H4 . 

1.99 

19 . 

1.99 

114A . 

.99 

4.95  1  4H4GT . 

.48  1  7G7 . 

1.84  1 

28 . 

1.54 

117L7GT.  . 

1.28 

1.95  1  4J4 . 

3.95  !  7GP4 . 

19.48  ' 

28AP4 . 

278.88 

117M7GT.. 

1.28 

.98  '  4J5 . 

.54  7H7 . 

.88 

22 . 

1.28 

117N7GT.. 

1.28 

2.95  ,  4J5GT . 

.54  1  7J7 . 

1.84 

23D4 . 

.49 

117P7GT. . 

1.28 

1.28  I  4J4 . 

1.84  1  7K7 . 

1.84 

23D4 . 

'.98 

117Z3 . 

..  .72 

.49  1  4J7 . 

.72  1  71.7 . 

.88  ' 

^4A . 

.72 

117Z4GT. . 

.88 

.89  4J7GT . 

.72  i  7N7 . 

.88  1 

24G . 

.49 

128A . 

..  12.95 

2.95  '  4J8G . 

1.99  7W . 

.72 

1.99 

121A . 

2.95 

1.84  4K5GT . 

.88  7R7 . 

.88 

25A7GT. . 

.88 

285B . 

4.58 

.72  !  4K4GT . 

.54  1  7S7 . 

1.84 

2504G  .  .  . 

1.84 

211 . 

.98 

.88  1  4K7 . 

.48  1  7V7 . 

1.84 

25L4GT.  . 

.59 

215A . 

...  3.88 

.72  '  4K8  . 

.88  i  7W7 . 

1.84 

25Y5 . 

1.28 

2170 . 

.>  7.58 

14.58  4L5G . 

.88  ,  7X7 . 

1.84 

25Z5 . 

.54 

258R . 

7.95 

27.58  ,  4L4 . 

1.29  7Y4 . 

.72 

25Z4 . 

.72 

258TH.... 

..  19.58 

37.58  1  4L4G . 

1.84  i  7Z4 . 

.72 

24 . 

.59 

252A . 

4.95 

1.49  :4L7  . 

.88  I  t8BP4 . 

34.95 

27 . 

.54 

259A . 

4.95 

4.95  ;  4N7  . 

.88  i  180P4 . 

42.29 

28n7 . 

.75 

394TL.. . . 

1.9S 

3.95  !  4N7GT . 

.88  ;  I8HP4  .... 

49.58 

38 . 

.72 

387A . 

4  25 

3.95  4P5tJT . 

.88  i  18Y . 

.49 

31 . 

.88 

318 . 

4.95 

9.95  ,  4050 . 

.98  12A4 . 

.89 

32 . 

1.84 

3I4A . 

.89 

1.29  4WG  4T7G. 

1.84  12A7 . 

1.84 

32L7GT.  . 

1.28 

358B . 

4.95 

1.29  4  07 . 

.72  12A8GT  . . 

.72 

.33 . 

1.84 

394A . 

4.58 

28.88  4R7 . 

.88  1  I2AH7GT.. 

.88 

34 . 

1.84 

417A . 

. .  19.95 

.54  4S7 . 

.88  1  12AT4 . 

.59 

35  51 . 

.72 

458Tt . 

..  24.95 

.88  1  4S8GT . 

.88  1  12A04 . 

.72 

35A5 

.72 

531 . 

. .  49.59 

.88  '  4SA7GT _ 

.59  12A07 . 

.88 

351.4GT .  . 

.59 

781 A . 

4.95 

.48 ' 4S07 . 

.72  I2BA4 . 

.72 

35W4  .... 

.49 

783A . 

7.59 

.38  4SD7GT _ 

.72  I2BE4 . 

.72 

35Y4 . 

.88 

785A . 

2.95 

.58  4SF5 . 

.59  1208 . 

89 

35Z3 . 

.72 

787A . 

..  24.95 

.48  4SF7 . 

.72  I2DP7 . 

14.95 

35Z4GT .  . 

.58 

789A . 

9.95 

.88  1  4SG7 . 

.72  12F5GT... 

.59 

35Z5GT.  . 

.44 

713A . 

1.45 

1.84  i  4SH7 . 

.72  I2H4 . 

.59 

39 . 

.88 

715B . 

. .  19.95 

1.54  !  4SJ7 . 

.59  12J5GT... 

.54 

37 . 

.59 

717A . 

1.45 

.88  4.SK7 . 

.59  1  12J7GT.... 

.72 

38 . 

.72 

721 A . 

3.95 

.72  4S1.7GT _ 

.88  1  12JP4  _ 

48.88 

39  44 . 

.59 

723AB.. . . 

5.95 

.72  4SN7GT _ 

.88  12K7GT... 

.59 

41 . 

.59 

725A . 

..  12.58 

.88  '  4SQ7 . 

.54  !  I2K8  . 

.88 

42 . 

.59 

758X0 _ 

..  49.59 

1.84  4SR7 . 

.59  1207GT. . 

.59 

43 . 

.59 

888  . 

2.25 

.88  4SS7 . 

.72  ,  12SA7 . 

.59 

45 . 

.59 

881A . 

1.18 

1.84  4ST7 . 

.88  ,  I2S07 . 

.72 

45Z5GT .  . 

.59 

882 . 

. .  2.95 

1 .84  4T7 . 

1.84  i  I2SF5 . 

..59 

49 . 

.88 

883 . 

9.95 

.88  405  . 

.72  1  I2SF7 . 

.72 

47 . 

.88 

885 . 

. .  4.95 

.88  404GT . 

.72  1  12.‘IG7 . 

.72 

49 . 

.88 

887 . 

. ..  1.25 

1.84  407G . 

.59  i  I2SH7 . 

.72 

58..  . 

1.54 

888 . 

. .  2.95 

1.84  '  4V4 . 

1.84  !  12SJ7  .  .  . 

.72 

58  A5 . 

.88 

889  . 

...  1.95 

.99  4V4GT . 

.72  I2SK7 _ 

.59 

58B5 . 

.72 

818 . 

. . .  7.95 

.99  4V7G . 

.72  1  12S1.7GT. 

.88 

58I.4GT.  . 

.59 

811 . 

. ..  1.95 

.88  i  4W7G . 

.88  !  12SN7GT. 

.88 

89X9  .  . . 

.88 

812  . 

. , .  2.95 

.72  '  4X4 . 

..54  '  12.S07 _ 

.59 

58Y4GT.  . 

.59 

812H . 

. ..  4.98 

1.84  4X5 . 

.54  12SR7 _ 

.72 

53 . 

.88 

813 . 

. .  5.95 

.72  i  4Y4G . 

.88  12X3 . 

.98 

55 . 

.72 

814 . 

. . .  5.95 

.72  I  4Z7G . 

1.28  12Z3  _ 

.88 

54 . 

.59 

815 . 

. ..  2.58 

.48  1  4ZY5G . 

.72  14A4 . 

1.84 

57 . 

.72 

824 . 

...  1.25 

.72  7.K4 . 

.72  I4A5 _ 

1.89 

58 . 

.72 

*29B  .  .  . . 

. . .  4.95 

1.84  7A5 . 

.72  I4A7 . 

.88 

.59 . 

1.84 

838b . 

. ..  5.25 

.72  '  7A4 . 

.72  14B4  _ 

.88 

781.7GT.  . 

1.54 

*32A . 

. . .  2.95 

1.84  7A7 . 

.72  I4B7 . 

I.I8 

71.A . 

.72 

8S3A . 

. ..  39.58 

1.84  1  7A8 . 

.72  1488  _ 

.88 

75 . 

.59 

834 . 

...  1.15 

.72  1  7AE7 . 

.72  1405  _ 

.88 

75n. . 

2.95 

837 . 

. ..  2.59 

.72  '  7AF7 . 

.72  I4C:7 . 

.88 

79 . 

.59 

838 . 

. ..  4.95 

2.4#  i  7B4 . 

.72  I4F4  ... 

.72 

77 . 

.59 

841 . 

.99 

,bO  ;  7B5 . 

.72  14E7 . 

.88 

78 . 

.59 

843 . 

. . .  .99 

.48  '  7B7 . 

.72  14F7 . 

.88 

79 . 

.88 

845 . 

. . .  4.95 

.72  '  7B8 . 

.72  14H7 . 

1.84 

1  88 . 

.42 

848 . 

. ..  3.88 

1.84  1  7BP7 . 

2.95  14J7 . 

1.84 

,81 . 

1.28 

841 . 

...  58.88 

1.95  7C4 . 

1.99  I4N7 . 

1.99 

82  . 

.88 

844  . 

. . .  .99 

.69  1  7C5 . 

72  1  1407' . 

.88 

83 . 

.88 

844a . 

. . .  .89 

.72  1704 . 

.72  1  14S7  ; .  .  . 

1.84 

!  83V . 

.88 

848 . 

...  1.95 

NIAGARA  RADIO  SUPPLY  CORP. 


160  GREENWICH  STREET 


NEW  YORK  6,  N.  Y. 


Pfcon* 
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#  SEARCHLIGHT  SECTION 


TRANSFORUKnS  115V/e( 
or  ISOOeT’DOUBl^ER/Ui 

10800VCT  or  tlOOOy'I>OUBLER/95ms  .  I 

lM0V*876VCT/110in».5V/SA,*.5V/8.»5A* 

a.SV/LTSA  Cued  HV  Insltd . 

lM«VCT/150in*,6.3V/6A,5V/*A  . 

e40TCT*lM0V/SS«iam  »4.»59  . 2  for 

600TCT/e0mo.«.ST/4A  HratcllrCsMd  . 

1100TCT/212in»  »5.«9;  lOT/SA/lSKY . 

6T/llSAagp  tlO.SS;  2.5T/10A/10KV . 

1000VCT/45nui.7»5VCT/R0raa.3x5V/8A  & 
r3VCT/lA.6.8V/.3A  HV/HmtcUy  C8D  .... 

STSA'i  COMBINATION  TRANS  mrkets . 

M4A  COMBINATION  Tubee.Mckpts.Xformpr. . 

5TaVCT/180in*.SV/3A.  11V/4A  C8D . 

510VCT/135in».5V/3A.«V/4A  C8D  . 

TRIPLETT  TUBE  CHECKER  TRAN8F . 

ttO  to  440V-or-110  to  2t0V/2S0W»tt . 

AUTO  TRANSF  «V/tA.150V/1.6A.S5V/1.2A  . . 

8EL  RlXrr  TR/113/«0r.42.5V/2A  . 

OE  Henneticelly  CASED  U8N  Transrs  880 
VCT/115ma.6.3V/2A.e.3V/3A*5V/3A  delirers 

IWms  on  hiV  . 

«.3yCT/4AdellTerae.3TCT/e.8Ainp  . 

8.3VCT/.7A  HV  Insltd  SXcurmit  . 

S30TCT/10ina  A  S30VCT/10ma  . 

8000y/;0ni*  H’sealed  U8N . 

5y/M)Amp  KENTON  HV  insltd . 

WE  PPlnputAPPdrlTer  transfs  8V8/805 . 

»0-80-70y/3Amp  GE  USN . 

840VCT/110ma.540VCT/31ma.5V/3A.5V/3A* 
8.SV/1A,  8.3V/.8A  USN  CASED  SXsafety 


INPUT  7500V 


RECTIFIERS  BRIDGE  TYPE 

IPUT  output  current  price 

8V  0-14  l.SSAmp  12.35 

8V  0-14  SAmp  4.85 

ev  0-38  320ina  1.44 

«V  0-28  l.lAmp  2.34 

«V  0-28  l.SAmp  3.84 

«V  0-28  5Amp  7.54 

4V  (V-54  220ino  3.44 

4V  0-64  SAmp  14.45 

OV  0-80  ISOma  3.85 

36V  0-116  SAmp  14.45 

26V  O-nO  160mA  2.45 

44V  0-126  150mA  3  45 

130V  0-800  40mA  .85 

FULL  WAVE  CENTER  TAP 

tVCT  0-1  lOV  1.6Amp  4.45 

•VCT  0-1  lOV  220mA  3.44 

IVCT  O-IIOV  3.5Amp  14.45 

IVCT  0-256V  3.4Amp  13.45 

>VCT  0-272V  150mA  3.45 

HALF  WAVE  TYPES* 

0-12  ,  ISOmA  .54 

0-36  \  300mA  .48 

O-ICOV  100mA  .48 

0-144  76mA  1.75 


TOR  NEW  . 

APNl  AI/riMETEB  lea  Tubes  LN* . 

BC458  MODULATOR  leas  tubesADyn  LN*... 

8CR374/ABC5  CONTROL  BOX  LN* . 

AVnia  RCA  8L8  XTAL  XMTR  LN* . 

TA13  COLLINS  XBITR  USED  LN* . 

8C2  RADAR  RTTR  A  INDCTR  175-225mc'8. .  I 
TAJ  NAVY  XMTR  175-600kc/500WAtt  LN*.  .! 
TBK  NAVY  2tol8.1mc’s/500WAtt  XMTR  LN*.« 
BC319  XMTR  4tol3.4mc's/300WAPWR  LN*..3 
BC620  RCVR  A  XMTR  A  DYNMTR  LN*.... 
COLLINS  ABT13  SPEECH  AMPLIFIER  A 

parts  to  oonrert  to  peak  clipper Adat  a . 

VOLTAGE  REGULATOR  NEW  RAYTHEON 
95-1.30V/60cy,  Outpt  115V/60Watt . 


0-28V 
0-72V 
0-1 30V 
0-216V 

*USE  WITH  CAPACITOR  any  VDC  at  2Xoutput. 

C/PACITORS 

8000mfd/15WV  $3.98;  500mfd/60WV . $  .98 

2000mfd/50WV  31.98  :  500mfd/200WV .  1.49 

CAPACITORS  OIL  RATED  WVDC 

TAPPED  2.8mfd/200VDC  oU . 15  for  1.50 

2mrd/3.30VAC/'1000WVDC  oil  . 5  for  1.98 

5mfd/600WVDC/220VACABrkt.s  oil  ...  2  for  1.80 

7mrd/600V  994:  10mfd/600V  .  1.39 

3.3mfd/225VAC  31.25:  4mfd/600V . 89 

20mfd/600V/32.75:  4mfd/330VAC/1000VDC  ..  1.39 

15mfd/3.30VAC/1000VDCA2000VDCInterrant . .  4.50 

3mfd/2000VDC  34:  4mfd/3000VDC  .  5.95 

2mfd/2000VDC  32.49:  2mfd/5000VDC .  10.00 

4mfd/5000VDC  316:  2mfd/2500VDC .  28.00 

IrnldmOOVDC  395:  Imld/4000VD(' .  3.75 

00025mfd/2,5KV  .  4.95 

8xlmfd/400V  12for31:  3xlmfd/400V _ 10  for  1.00 

lmfd/400V  12for31;  2mfd/400V  . 5  for  1.00 

.5mId/500V  10for31:  lmfd/500V  . 8  for  1.00 

05mfd/600V  30for31:  2x.05mfd/600V - 25  for  1.00 

3x.05mfd/600V  15for3l:  3x. 22mfd/600V . .  1 2  for  1.00 

3x.25mfd/600V  5for31:  .5mfd/600V . 8  lor  1.00 

3x.lmfd/600V  8for31:  2x.25mfd/600V _ 6  for  1.00 

.Imfd/lOOOV  4for31:  .25mfd/1000V . 4  for  1.20 

.2mfd/500V  32.25:  lmfd/.3600V .  3.25 

,2mfd/5000V  32,25:  Imfd/3600V  .  3.29 

VACUUM  COND8R8  GE  50MMF/7500V .  2.95 

MICA  CONDENSERS  RATED 

600  WVDC.  rated  in  MFD  Capacity 
.0001  .00055  .0012  .004 

.0002  .00085  .003  .006 

.00036  008 

EACH  304® .  10  for  32  .50 

.01  @454  .026  @024  .04  @31.60 

.015  @654  .03  @31.00  .05  @31.00 

.02  @744  .030  @31.20 

1200 WVDC  Rated  In  MFD  Capacity 
.0001  @284  .004  @644  .01  @31  12 

.00025  @284  .0051  @704  .013  @31.20 

.001  @364  .0062  @704  .03  @71.80 

2500 WVDC  Rated  In  MFD  Capacity 
00045  @364  .0025  @904  005  @31.32 

00082  @554  0039  @31.26  .006  @31.38 

002  @904  .004  @31.26  .01  @31.64 

0022  @904  .0043  @31.26  .015  @31.78 

3000 WVDC  Rated  In  MFD  Capacity 
.00005  @544  .0001  @724  0007  @904 

.005  @31.45 

3500WVDC  Rated  In  MFD  Capacity 

.C02  @31.00  .003  @31.20 

5000 WVDC  Rated  In  MFD  Capacity 

.00003  @32.25  .00025  @32.70  .0015  @32.70 

.00009  @2.70  .0005  @32.70  .005  @32.70 

.00015  @32.70 

8000WVDC  .OIMFD  @316.00 

lOOOOWVDC  .003  @312.00  .0015  @313.00 

lOOOOWVDC  25MMF  9984 . 10  for  7.50 

109b  DlSCOirar  ON  MICAS  ON  10  of  a# 

C  "TAB"  for  JAN  PARTS  A  PRICES 

VARIAC  200C/860Watt/0-130VAC  .  16.95 

OSCILLOSCOPE  3*  KIT,  PWR  SupplyATubes  16.95 
EXT  CORD  HVY  DUTY  8J  18'.  MAF  PLUGS  .98 

AUT08YNS  AYlAAY5/24V/60A400ey  .  3.95 

REENTRANT  TRUMPET  A  DRIVER  35WATT  29.95 
WE  35to55Watt  PM  DRIVER  311. 95®.. 2  for  21.95 
WE  BEACHMASTER  250Watt  TRUMPET. ..  125.00 

WE  DYNAMIC  MICROPHONE  A  CABLE -  7.95 

AUT08YN  TYPE  5  SYNCHRO  LN* .  8.95 

AUT08YN  TYPE  5  DIFFERENTIAL  LN*...  4.95 
PE157  VIBRAPACK,  8PKR,  BAT  A  CHGER  7.9,' 

VIBBAPACK  6VDC/425V/110ma  .  12.95 

WE  TELETYPE  PWR  SUPPLY  KS5825  Inpt 
115-230V/50-80cy,  Outpt  0.4Amp/115VDC  .  39.95 


tnpt  . 

8400V  or  V.C.T/lAmp/17KVlnaltn.l07tol26V 


HiPOWER  VARIABLE  ANTENNA 
MATCHING  NETWORK  #1001A 
BRAND  NEW  1500  to  7000  KC 

IKW-RF  easily  Conrerted  to  hi  freqs.  PlNetwork 
adjustable  InAoutpt.  CASED.  5'xl5'x23'  Relay  Rack 
Mtg.  Contains  hvy  edgewise  Ribbon  coll  A  SSOnunf/ 
7000V  Variable  Condsr  JobnsonARF  mtr  thermo¬ 
couple  0-8Amp/3'Sa.  With  TECH  manual.  Will 
match  A  load  majority  ANTEIWA8.  STURDY 
CONSTRUCTION.  Wgt.  45  Ihs.  ExceUent  for  Police. 
Airport,  Broadcast  A  Amateur  atations. 

TAB  SPECIAL . 312.95 


115  or  8S0V/I0Amp/2KW  TRANSFORMER 
119  or  330V/8Amp/1.8KW  AUTOTRAN8F  . 

90.100ill5.U0or330V/1.8KW  TRANSF  _ 

5V/6.5Amp/36KV  Insltn  A  socket  UX . 

7.5VC1'/«.9A,  e.3VCT/8A  . 

700VGr/150ma.lOV/S.2.5A.2.5V/10A  A 
6.StlCT/3A.5V/SA,HV  Insltd  CASED  ... 
1100VCT/150ma.8.3V/3A.5V/8A  HV  Ins  .. 

lOV/SA/lSKV  or  2x5V/8A/12KV  Ins . 

1000VCT/I00ma.90v,  bias,6.SV/6A.5V/eAA 

18V/.  55A,  CASED  . 

1000TCT/190ina,300Vblas.6.3V/5A.5V/SAA 

lx4.W/.a5A,6.3V/1.35AC8D50-800cysA 


SAME  UNIT  LESS  ANTENNA  COIL  Includes  Hous¬ 
ing,  VAR  COND^  BF  meter.  Insulators,  dials 
TECHmanual.  NEW. 

TAB  SPECIAL . 38.95 


UK  0-80-115VAC  Hmt  sealed  . 

7.5V/11A/HV$4.95:  4x6.3V/4AA3x5V/4A 
10VCT/10A/320Vln  or  5VCT/10A/110Vln 
5VCT/l0A/M0Vln  or  J.5VCT/20A/110Vln 
10VCT/10A,12VCT/.7A.3x6V/lA,2i8V/2A 
8x5V78A.3.5V/1.75A.6.4V/12A,6.4V/10A  . 

6.8V/8A,5V/4A,5V/8A  HV  Insltd  . 

14or30V/12A/220V  or  7orl0V/12A/110Vln 

r78V/t.Sma.  2.5V/3A  . 

IfOOVCT/SOOma  $4.50®  . Two 

l300YCT,'200ma  A  780VCT,  12VCT/.5A. . . 
1400VCT/800ma.6VCT/4A,2.5V/3A.  5V/4A 


700VCT/  120ma,  115V/  lOOma.8.  SV/2A  A 

6.3V/1A,5V/3A  CASED  HVlnsltd  . 

700Vrr/185ma,6.3V/1.2A,5V/3A  . 

Unlrersil  Vibrator  Transf  6.12.24.115VDCA 
115A3S6VAC/50-60cy.420VCT/85ma,6.3V/3A 

500V/8AS10®  2for$19:  7.5V/24A/220Vln . 

2240VCT/500ma.  Pril05to250V/50-60cy  InptA 


2.5V/J0A,12V/4.5A.19V/2.9A  $24.95®  2  for  47.00 

1250V/250ma  $5.25®  . 2  for  9.99 

T50VqT/875ma  A  Tap  500V  wndg .  5.25 


l.6VfcT/15A  lnpt210-850V/HVlns  Collins 
230V<(JT/60ma.6.3V/I.5A  SmaU  . 

CHOKES 

lS.5Hy/lAmp/42ohm/17KVinsl  . . 

15-29Hy/150ma  Swinging  Cased . . 

13Hy/300ma  $3.95:  3Hy/40ma  . 

15Hy/400ma  or  20Hy/S00ma/12KV  Ins.  ., 


GTD  PIONEER  REMOTE  INDICATING 


8Hy/I56ma  new  UTC  crckd  Bklte  T’Bd. .  .2  for 

txS^/SOOma  $1.49;  5Hy/100ma . 2  for 

0.5Hy/100ma/4for98o-  50Hy/125ma  Csd . 

8Hy/100ma/3l.lO:  12Hy/375ma  . 

8Hy/125ma  HVlns  $1.89:  OlHy/lOOma . 

2x3Hy/800ma  31.49:  5Hy/100ma . 2  for 

12Hy/,200ma  $2.95;  2xl2Hy/150ma . 

.35Hy/3.SA  32.95;  10Hy/125ma . 

10Hy/45ma,  3  for  $1.49:  12Hy/60ma  . 

2x30Hy/50ms  98c;  .01Hy/2.5Amp  . 

HV  6COPE  CHOKE  12Hy/85ma  CSD . 

OUNCEB  PLA’TE  IMP  300Hy  . 

HIFIDEUTY  PP  GRIDS  to  PP  PLATES  A 
flai, freqs  response  80-10000cys  pritosec  Ratio 

1:114^:3.1:6,1:2  Cased  H'sealed . 

HIFIDEIJTY  PP6L60UTPUT  0-15,50,500.550 
A  600ohm  output  25to50Watt  80tol000cys. . 
TRANS  LINE  TO'  LINE  500,333,250,125.50 

ohiBi  .:t  IDB  C^ED  USN  . 

PUI^  TRANSF  GE  TELEVISION  BTO . 

MODE^TION  TR  PPparaUel8L6  or  807to  RF 

807ts^000ohm  load  HVlns . 

PP6L6  Hin  outpt3.5,6.5.19.5.62.250  ohm . 

AUDIO  TRANSF  58VU/2.5KV/WE  CASED 
8600/900to30A60oluns  Imped  ±  2VU  from  10 

cys  WE  D-122891  AMmAN  CSD . 

AUDIO  BAND  PASS  FILTER  60.90A150cys 

Cased  A  shielded  $2,25  each  @  . 3  for 

Universal  PLATE  to  line  or  tap  V.C . 

line  to  V.C.  CASED  $1.25;  Mike  to  Grid . 

UTC  LINE  AUTOFORMER  L\'Mll/30Watt. . . 
PP6V6’s  to  tap  line  or  V.C . 


TEMPERATURE  DUAL  120*C  THERMO 


TEMP.  OIL  806/0-110*C  Resist  MTR, 


-50tO+150*C/12A24V.DC/DYNA 


AMMETER  240Amps/50MV/GE  . 

FUEL  GALS  55/150/150/8DJ3  GE  . 

IND  AUTOSYN  DUAL  3500RPM/26V. . 

IND  TACH  4500RPM/8DJ13A/GE . 

IND  A8SM  lOOOORPM/656  KUU,SMAN 

PRESSURE  DUAL  251bs  AN5772 . 

PRESSURE  20001bs  AC-E4  . 


PRESSURE  D-10/10-75'  MERCURY  . 

GE  LIQUID  LE\'EL  TRANSMITTER  NEW.. 
BANKACUMB  GYRO  CONTROL  MK4U8N 


IND  DIRECTION  A  REMOTE  IND  NEW 


"TAB"  MONEY  BACK  GUARANTEE  $5.  MIN 
ORDER  F.O.B.  N.Y.C.  ADD  SHIPPING  CHARGES 
A  25*/.  DEPDSIT,  C’TABOGRAM.  WO  2-7230. 


•  "TAB" 

ELECTKONIC  PAKT8 


Dept.  6EE,  Six  Church  Street,  New  York  6,  N.  Y. 

•  •  CORNER  CHURCH  A  LIBERTY  STS.,  ROOM  200 


"TAB"  • 

NEW  GUARANTEED 
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ELECTRONIC  FREQUENCY  METER 


OUTPUT  METER 


TRANSMISSION  MEASURING  SET 


VOLUME  LEVEL  INDICATOR 


MEASURING,  TESTING  AND 
CONTROL  EQUIPMENT 


These  DAVEN  instruments  are  the  “trusted  aides”  of 
oudio  tonununkotions  ond  general  electronk  engineers 
the  world  over.  Each  type  of  equipment  is  built  to  the 
highest  stondqrds  of  precision  and  durability,  and  is 
available  in  a  wide  selection  of  standord  models. 

Many  other  test  sets  and  control  units,  specially  designed 
by  DAVEN,  are  in  long  service  with  Amerko’s  key  radio 
stations,  leading  sound  recording  studios,  and  the 
Armed  Forces. 


POWER  OUTPUT  METER  DECADE  RESISTANCE  BOX 


Full  detaik  gladly  furnished  upcm  request.  Write  to  . . . 
THE  DAVEN  COMPANY.  19T  Central  Ave.,  Newark  4,  N.  J. 


RCA  offers  Equipment  Manufacturers  a  Nation-wide  Service  on 

Tubes,  Parts,  and  Equipment 


HEADQUARTERS  GROUP 


G.  R.  MVERS 

Manager, 

TubaSolM 


KS.GWYNNE 
Atthtont  la 
Monogar 


*.  L  KEUY 
Monagar,  AppUcoHoo 
Engineering 


O.H.  MYERS 
Manager, 
Cuftomer  Service 


C  W.  fAYlOR 
AAonoger,  tube  Rorli 
and  MocMnery  Solet 


SAlES  AND  ENGINEERING 
FIELD  FORCE 


».  WAllEY 

AppHcotioN 


i.  W.  KUtSCHT^fi 
riGidSoitt 


T.  I.  PERKINS 
AppliemHon 
ENgin«Grir>9 


H.F.HAPHM 

Applkotio* 

Engineering 


C  R.  KLINGER 
Field  Sales 


0.  R.  YOOER 
Application 
Engineering 


W.  L  HOFKINS 
FMdSolM 


N.  F.  MACKENZIE 
ApplicoNon 
Engineering 


SALES  AND  ENGINEERING  SPECIALISTS 


J.  H.  HAIGREN 
Application 


W.  D  LEAHY 
Field  Soles, 
Government 


M.  E.  MARKEU 
,  ktdustrial 
Specialist 


J.  WACHTEL 
Application 
Engineering 


H.  L  WILCOX 
Tube  Ports  and 
AAochirrery  Sales 


J.  S.  STARRETT 
Industriol 
SpeciolisI 


H.  B.  WILSON 
Application 
Engineering 


L  T.  WEAGLE 
Tube  Parts  ottd 
AAoebinery  Sales 


J.  T.  WILSON 
Application 
Engineering,  Television 


M.  COPAN 
Field  Soles 


•  These  RCA  Tube  Department  specialists  devote  all  of  son,  N.  J.,  Lancaster,  Pa.,  and  Chicago,  Ill.— and  sales  o 
their  time  exclusively  to  the  problems  and  requirements  fices  at  Harrison,  Chicago,  and  Los  Angeles.  A  call  to 
of  radio  and  electronic  equipment  manufacturers,  office  nearest  you  will  bring  prompt  service  . . .  or,  writ 
Whether  it  be  on  tubes,  parts,  or  test  equipment,  they’re  to  RCA,  Equipment  Sales,  Section  FR40,  Harrison,  N.  J 
ready  to  help  when  and  where  you  want  them.  for  the  same  prompt  attention. 

For  your  convenience,  RCA  maintains  completely 

equipp^  application  engineering  laboratories  at  Harr'^  The  Fountainhead  of  Modern  Tube  Development  is  RCA 


HARRISON,  H.  J, 
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ACOUSTIC  MATERIALS  .  .  . 

noise  reduction  coefficients  of  architectural  materials  compared  with  those  of 
some  general  building  surfaces  including  brick,  plaster,  tile  or  wood 


Types  of  Mounting  Used  in 
Sound  Absorption  Test 


(1)  Cemented  to  plaster  board 

(2J  Nailed  to  lx2-inch  wood  fur¬ 
ring  12  inches  on  center 


(3)  Attached  to  metal  supports  ap¬ 
plied  to  lx  2-inch  wood  furring 


(4)  Laid  directly  on  laboratory 
floor 

(5)  Nailed  to  lx3-inch  wood  fur¬ 
ring  24  inches  on  center  and  tilled 
in  between  furring  with  1-inch 
mineral  wool 


Material 

Thickness  in. 

Mounting 

Coefficients 

(Noisei 
Red.  1 
Coef.j 

Wt 

i  ^ 

per 

Sq 

FI 

i 

Surface 

128 

256 

512 

1021 

b9 

© 

40% 

Cushiontone^ 

1 

j 

A-1 

1 

.05 

.18 

.56 

.76 

.77 

.73 

.55 

.79 

B 

A-1 

2 

.07 

.47 

.55 

.70 

.77 

.74 

.60 

.79 

B 

A-2 

H 

1 

.09 

.25 

.60 

.80 

.78 

.73 

.60 

.92 

B,  AA 

A-2 

% 

2 

.13 

.45 

.55 

.73 

.79 

.75 

.65 

.92 

B,  AA 

A-3 

H 

1 

.09 

.28 

.74 

.98 

.78 

.70 

.70 

1.17 

B,  BB 

A-3 

2 

.17 

.51 

.73 

.95 

.75 

.72 

.75 

1.17 

B,  BB 

Arrestone'* 

absorbing  pads 

3 

.25 

..56 

.99 

.09 

.77 

.60 

85 

1.20 

C 

plus  metal  facing 

IH 

plus  furring 

2H 

Mineral  Wool 

Acoustical  Mat’H 

y* 

1 

.12 

.27 

.72 

.79 

.76 

.77 

.65 

1.13 

CC,  DO 

H 

1 

.05 

.14 

.55 

.90 

.78 

.78 

.60 

1.13 

D,  DD 

Corkoustic'* 

B-5 

IH 

1 

.06 

.16 

.73 

.69 

.56 

.89 

.55 

.77 

CC 

B-5 

IM 

2 

.18 

.41 

.70 

.51 

.58 

.65 

.55 

.77 

C,  CC 

Aoousti-Celotex  * 

type  CS-1 

1 

.09 

.15 

.61 

.77 

.70 

.64 

.55 

.66 

ro 

type  CS-1 

2 

.14 

.46 

.52 

.71 

.72 

.64 

.60 

.66 

FQ 

type  C-4 

IVa 

1 

.14 

.42 

.99 

.74 

.60 

.50 

.70 

1..34 

FG 

type  C-4 

IK 

2 

.25 

.58 

.99 

.75 

.58 

.,50 

.75 

1.34 

FQ 

type  C-4 

IK 

7 

.53 

.58 

.93 

.70 

.55 

.48 

.70 

1.58 

FQ 

type  C-6 

IK 

1 

.15 

.34 

.99 

.94 

.61 

.61 

.70 

1.51 

FQ 

type  C-6 

IK 

2 

.27 

.57 

.91 

.91 

.67 

.58 

.75 

1.51 

FQ 

type  C-7 

1 

7 

.41 

.48 

.68 

.79 

.75 

.55 

.70 

1.40 

FQ 

type  C-8 

1 

2 

.25 

.49 

.69 

.78 

.61 

.48 

.65 

1..54 

FQ 

type  C-9 

K 

1 

.11 

.23 

.80 

.93 

.58 

.50 

.65 

.96 

FQ 

type  C-9 

K 

2 

.12 

.45 

.79 

.89 

.61 

.60 

.70 

.96 

FQ 

type  M-1 

K 

1 

.07 

.21 

.64 

.86 

.93 

.83 

.65 

1.31 

FQ 

type  M-1 

H 

2 

.12 

.48 

.50 

.79 

.93 

.82 

.70 

1.31 

FQ 

type  M-2 

l 

1 

.08 

.27 

.92 

.95 

.80 

.71 

.75 

1.81 

FQ 

t>pe  M-2 
Muliletone* 

1 

7 

.40 

.44 

.79 

.99 

.77 

.71 

.75 

2.23 

FQ 

standard 

1 

1 

.12 

.30 

.74 

.76 

.71 

.67 

.65 

1.80 

BB 

fissured 

1 

1 

.09 

.29 

.83 

.97 

.77 

.71 

.70 

1.92 

BB 

Aoousteel* 

pad 

IK 

3 

.25 

.52 

.99 

.99 

.81 

.60 

.85 

/pad 

Y 

\1.08 

i 

plus  spacers  and  1 

IK 

mettd  facing  / 

plus  furring 

2K 

Sanacoustic^ 

type  MA,  pad 

IK 

3 

.25 

.56 

.99 

.99 

.91 

.82 

.85 

/  pafl 

Y 

plus  metal  facing 

\1.25 

1 

and  pad  supports 

'  lA 

i 

1 

Armstroiu  Cork  Co. 
*)  PerforatM 


Painted  by  manufactun-r 


484  bolea  per  aq.  ft.,  A  >»•  diameter,  -/f  in.  deep, 
two  ooata,  face  and  bevels. 

A.rreetone  ia  a  perforated  enameled  metal  pan,  backed  with  mineral  wool  sound  abaorbinfr 
pad.  Perforations  are  0.093  in.  diameter,  1105  holes  per  a<|.  ft.  Bevels  and  flanges  unperforated. 

(^)  Perforated  484  boles  per  aq.  ft.,  A  >»■  diameter,  ^  in.  deep. 

'■)  Ceiotex  Coip. 

O  Perforated  441  holes  per  sq.  ft.,  A  ■»-  >n  diameter,  H  >».  o.c. 

<0  Face  painted  before  perforating. 

's)  PaintM  after  perforating. 

O  Perforated  441  holes  per  aq.  ft.,  H  in.  in  diameter,  H  jo-  o-*'*. 
y)  Perforated  676  boles  per  aq.  ft.,  A  in.  in  diameter,  A  in.  o.c. 

[*)  Aoousteel  is  a  perforated,  enameled  metal  pan  backed  with  mineral  wool  sound  absorbing 
pad.  Perforations  are  0.093  in.  diameter,  1105  hmes  per  aq.  ft.  Bevels  and  flanges  unperforated. 

(t-)  Johns-Mansville  Sales  Corp. 

(V)  Sanacoustic  is  a  perforatea,  enameled  metal  pan  backed  with  mineral  wool  sound  absorbing 
pad.  Perforations  are  0.068  in.  in  diameter,  4608  holes  per  aq.  ft. 

(^)  One-half  perforated  enameled  metal  Imcked  with  rock  wool  pads;  one-half  enameled  metal 
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.s 

(Coefficients 

Wt 

Material 

i 

Noise 

Red. 

Lb 

•a 

per 

3iirftt045 

e 

Coef. 

Sq 

0 

128 

2.56 

512 

1024 

2048 

4096 

PI 

i- 

plus  furring 

2J-2 

KK,  pad 
plus  metal  facing 

IH 

3 

00 

.96 

.97 

.85 

.72 

.85 

/pad 

\1.2B 

r 

and  pad  supports 
plus  furring 

type  MA.,  pad 
plus  metal  facing 
and  pad  supports 
plus  furring 

IH 

1% 

3 

.22 

.70 

.63 

.67 

.52 

.18 

.65 

/pad 

\1.31 

r. 

Transite  Acoustical 

Panels^ 

rock  wool  blanket 
plus  perforated 
transite 

1 

lA 

5 

.17 

.49 

.94 

.90 

.70 

.43 

.75 

1.20 

o  . 

rock  wool  blanket 
plus  perforated 

2 

2A 

8 

.29 

.57 

.94 

93 

.70 

.48 

.80 

2.00 

0 

transite 

Transite  .\cou8tical^ 

Unit,  pad 

1 

1 

2 

.28 

.55 

.83 

.91 

.76 

67 

.75 

2.20 

P,  DD 

Fibracoustic^ 

1 

.18 

.42 

.81 

.75 

.71 

.72 

.65 

54 

DD 

1 

2 

.25 

.62 

.72 

.72 

.71 

.76 

.70 

.54 

DD 

Sound  Isolation^ 

blanket  MK 

1 

4 

.22 

.46 

.86 

.98 

.88 

.77 

.80 

1.20 

rr,  DD 

blanket  MK 

2 

4 

.39 

.57 

.91 

.91 

.80 

.78 

.80 

2.00 

rr,  DD 

Fibretex* 

IS 

1 

.10 

.29 

.63 

.79 

.82 

.75 

.65 

1.04 

Q.  DD 

1  s 

2 

.16 

.49 

.56 

.78 

.84 

.78 

.63 

1.04 

Q,  DD 

Fibre  tone^ 

1 

.09 

23 

.52 

..58 

.58 

.68 

.50 

.71 

K,  DD 

15 

16 

1 

.14 

.37 

.69 

.80 

.76 

.73 

.65 

1.17 

S.  DD 

13 

s 

2 

.18 

.54 

.72 

.74 

.71 

.72 

.70 

1.17 

S,  DD 

Airacoustic^ 

6 

.13 

.41 

.40 

.72 

.78 

.72 

.60 

.80 

oa 

1 

6 

.29 

.51 

.70 

.82 

.79 

.80 

.70 

1.50 

GO 

Aooustex^ 

type  40R 

H 

2 

.09 

.17 

.59 

.90 

.75 

.73 

.60 

1.71 

DD 

type  40R 

H 

7 

.18 

.35 

.87 

.89 

.87 

.65 

.75 

1.66 

DD 

Aooustifibre^ 

H 

1 

.10 

.16 

.62 

.97 

.81 

.73 

.65 

.56 

V,  DD 

2 

.13 

.38 

.72 

.89 

.82 

.66 

.70 

Eoonacoustic^ 

H 

1 

.05 

.17 

.62 

.83 

.77 

.74 

.60 

.40 

DD 

HI 

2 

.09 

.32 

.75 

.78 

.71 

.78 

.65 

.40 

DD 

1 

1 

.16 

.41 

.80 

.78 

.73 

.  77 

.70 

.77 

DD 

Aooustimetal*’ 

/  pad! 
1.91/ 

type  P  pad 
plus  spacer  and 

IH 

3 

.26 

.47 

.97 

.99 

.88 

.88 

.85 

V 

metal  facing 

plus  furring 
Fiberglas 

2H 

Acoustical  Tile'*' 

type  A 

H 

1 

.09 

.28 

.72 

.89 

.85 

83 

.70 

.58 

1  DD 

type  A 

H 

2 

.15 

.30 

.79 

.95 

.83 

.79 

.70 

.58 

1  HH 

type  A 

1 

1 

.09 

.35 

.85 

.94 

.83 

.75 

.75 

.83 

type  A 

1 

2 

.17 

.44 

.91 

.99 

.82 

.77 

.80 

.83 

1 

type  A 

1 

9 

.67 

.67 

.82 

.89 

.91 

.98 

.80 

.75 

J 

Aooustone  F*^ 

11 

11 

1 

.08 

.25 

.76 

.84 

.78 

.73 

.65 

1.35 

CC,  DD 

1 

.12 

.31 

.85 

.88 

.75 

.75 

.70 

1.53 

CC,  DD 

u 

7 

.38 

.64 

.62 

.68 

.76 

.75 

.70 

1.54 

CC,  DD 

Auditone 

1 

.09 

.28 

.68 

.80 

.79 

.81 

.65 

.91 

JJ,  DD 

H 

2 

.13 

.49 

.60 

.72 

.80 

.81 

.65 

.91 

JJ,  DD 

.\uditone 

1 

1 

.13 

.33 

.79 

.85 

.85 

.72 

.70 

1.15 

JJ,  DD 

1 

2 

.28 

.48 

.64 

.86 

.771  .75 

.70 

1.23 

JJ,  DD 

imperforated,  unbaeked.  Perforations  U.068  in.  in  diameter,  t608  per  si],  ft. 

(o)  Holes  are  A  in.  in  diameter,  600  per  sq.  ft. 

Holes  are  fy  in.  in  diameter,  576  per  sq.  ft. 

0)  Slotted  at  1  in.  intervals  in  two  directions  to  form  square  pattern.  Slots  are  ^  in.  wide, 
H  in.  deep. 

(*)  Holes  are  A  in.  in  diameter,  34  in.  deep;  tSl  per  sq.  ft. 

(*)  Holes  nm  A  in-  in  diameter,  in.  deep,  484  per  sq.  ft. 

(f)  National  Gypsum  Co. 

!^)  Aooustifibre  u  perforated  with  holes  A  in.  in  diameter,  A  in.  deep,  441  per  sq.  ft. 

*')  Aooustimetal  is  a  perforated,  enamded  metal  pan  backed  with  sound  absorbing  mineral 
wool  pad.  Perforations  are  0.093  in.  in  diameter,  2016  per  sq.  ft. 

Owens-Coming  Fiberglas  Corp. 

-*)  United  States  Gypsum  Co.  Perforations  are  H  in.  deep,  ('*)  Perforations  are  14  in. 

deep,  Fissured,  (n®)  Painted,  (••)  Integrally  colored,  Covered  with  muslin,  (OO)  Un¬ 
pointed,  (**)  Fdted  mineral,  (")  fiber  surface,  (•'•')  Slotted. 

This  information  is  abridged  with  permission  from  a  bulletin  issued  by  AoousUcal  Materials 
Association.  Unit  sizes  of  material  tested  (not  shown  here)  are  often  important  in  determining 
e»act  characteristics.  Minor  differences  in  c«>efficient8  listed  are  not  necessarily  of  significsnce. 


Types  of  Moanting  (continued) 


(7)  Attached  to  special  metal  sup¬ 
ports  mounted  on  2  x  2-inch  wood 
furring 


(8)  Nailed  to  2  x  2-inch  wood  fur¬ 
ring  24  inches  on  center  with  2-inch 
mineral  wool  between  furring 


(9)  Mechanically  mounted  to  metal 
furring  strips  24  inches  on  center 
lOV^  inches  from  boundary  surface 
of  sound  chamber 


Coefficients  of  General 
Building  Materials 


Material 

Brick  wall,  painted - 

Same,  unpainted. . . . 

Carpet,  unlined . 

Same,  felt  lined . 

Fabrics,  hung  straight 
Light,  10  02  per  sq  yd 
Medium,  14  oz  per 

sq  yd . 

Heavy,  draped,  18  oz 

per  sq  yd . 

Floors 

Concrete  or  terrazzo 

Wood . 

linoleum,  asphalt, 
rubber  or  cork  tile 

on  concrete . 

Glass . 

Marble  or  glared  tile. . 
Openings 

Stage,  depending  on 

furnishings . 

Deep  balcony, uphol¬ 
stered  seats . 

Grills,  ventilating. . . 
Plaster,  gypsum  or  lime, 
smooth  finish  on  tile 

or  brick . 

Same,  on  lath . 

Plaster,  g}rpeum  or  lime, 
rough  finish  on  lath 
Wood  panelling . 


Coefficients 

128 

512 

2048 

.012 

.017 

.023 

.024 

.03 

.049 

.09 

.20 

.27 

.11 

.37 

.27 

.04 

.11 

.30 

.06 

.13 

.40 

.10 

.50 

.82 

.01 

.015 

.02 

.05 

.03 

03 

.03-.08 

.033 

.027 

02 

.01 

.01 

.015 

.25-.75 

.50-1.00 

.15-.50 

.013 

.025 

.04 

.02 

.03 

.04 

.039  >  .06 

.054 

.08 

.1-06 

.06 
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CERAMICS  and  CLASS  .  .  . 


Ceramic  Material 

Dielec. 

Const. 

1  me 

Power 

Factor 

1  me 

Dielec. 

Strength 

v/mil 

Resis¬ 

tivity 

meg-cm 

Tensile 
Strength 
Ibisq  in. 

Compress. 
Strength 
Ib/sq  in. 

Flexural 
Strength 
Ib/sq  in. 

Impact 

Strength 

Charpy 

Thermal 

Elxpans. 

Coeff. 

Aluiuina  (.Aluminum  Oxide) 

4.5- 

8.4 

0.0002- 

0.01 

10- 

160 

10*- 

10» 

700- 

3.000 

11,000- 

60,000 

1,.500- 

10,000 

0.17- 

3.0 

2.2- 

7 

Aluminum  Silicate,  Molded 

1.8 

0.001 

100 

10* 

2,000 

• 

10,000 

6,000 

2.1 

3.5 

Aluminiim  Silicate, 

Natiu-al  Fired  Stone 

5.3 

0.01 

80 

10* 

2,500 

20,000 

9,0(>() 

3.3 

2.9 

Cordierite  (Maarne.sium 
Aluminum  Silicate) 

l..>- 

5.1 

0.00 1- 
0.012 

10- 

2.50 

10«- 

10* 

1,000 

4,000 

20,000- 

45,000 

1,.500- 

8,000 

0.2- 

2.5 

1.5- 

3.0 

Forslerite  (2Mf?0-Si0j) 

6.2 

0. 0.001 

210 

10* 

10,000 

85,000 

20,000 

1.0 

9.1- 

10.6 

Porcelain,  Low-V’oltage 
(Dry  Proces.s) 

6.0- 

8.0 

0.003- 

0.02 

10- 

210 

10«- 

10* 

1,000- 
3,. 500 

25.000- 

.50,000 

3,.500- 

6,000 

0.2- 

2.0 

3.0- 

6.5 

Porcelain,  High-Voltage 
(Wet  Process) 

6.0- 

7.0 

0.006- 

0.01 

90- 

100 

10«- 

10* 

3.tl00- 

8.000 

25.000- 
•  70,00(1 

9.000- 
•  15,000 

0.2- 
2  2 

3.0- 

6.8 

Porcelain,  High-Alumina 

7..3- 

110 

0.001- 

0.002 

100- 

700 

10»- 

10» 

O.uOil- 

30,000 

80,000 

I  2.50,000 

20,000- 

15,000 

0..5- 

0.7 

5.5- 

8.1 

Porcelain,  Zircon 

7.1- 
10  5 

o.o:u>2- 
0 . 008 

250- 

100 

10’- 

10» 

10.000-  70,000-  20.000 

15,000  1.50,000  35,000 

0.4- 

1.2 

3.0- 

5.5 

Porcelain,  Kefractory 
(Mullile) 

6..0 

0.001 

100- 

300 

10* 

1,000-  7.000-  17,000 

7,. 500  85,000 

1.2 

1.8- 

4.8 

Steatite  (Magnesium 

Silicate;  Talc) 

5 . 5— 

7.5 

0.0002-  200- 
0.00  1  400 

log¬ 

ins 

7,. 500-  65,000-  16,000- 

10,000  130,000  21.000 

0.3- 

5.0 

6.0- 

10.5 

Steatite,  Natural  Fired  Stone 
(Mas.sive  Talc) 

5— 

6 

0.00.18- 

0.01 

.50- 

100 

10«- 

10* 

2,000-  20,00'»-  7,000- 
2.. 500  .30,000  9,000 

0.2- 

3.0 

8.9- 

11.5 

Titanates 

15- 

5,200 

0.0002- 

0.05 

50- 
'  300 

102- 

10» 

1,000-  10,000-  10,000- 
12,000  120,000  22,000 

0..V 

0.5 

6- 

10 

Titanium  Dioxide 
(Rutile;  Titania) 

•  11- 
90 

0.0002- 

0.005 

100- 

210 

102- 

10* 

1,000- 

8,000 

80,000 

160,000 

20,000 

1.7- 

3.1 

7- 

8.7 

NOTES 

Dieinctrie  properties  vary  with  composition  of 
material  and  with  treatment  durinc  the  manu- 
facturinc  prooeaa,  as  well  as  with  ooMitions  under 
which  the  matenal  la  used,  hmice  specific  values 
should  always  be  obtained  from  the  manufacturer 
of  the  chosen  ceramic  prior  to  actual  design. 


In  general,  the  didectric  constant  changes  only 
slighuy  with  frequency.  Zircon  porcelain  shows 
the  greatest  change,  dropping  from  7.6  at  1  kc 
to  6.9  at  100  mo  for  one  grade. 

All  resistivity  values  are  for  room  temp.  25C. 

Impa^  strength  is  nven  in  foot-pounds  per 
square  inch  as  obtained  on  a  )-ii>ch  rod  by  the 


Charoy  test.  Here  again  manufacturers'  data 
should  be  consulted  for  actual  values;  some  values 
given  here  were  obtained  by  ASTM  test  D667- 
42T  and  some  by  D256-43T,  while  others  were 
not  identified  as  to  test  procedure. 

The  coefficient  of  linear  thermal  expansion  is 
for  the  range  from  20  to  lOOC,  and  is  given  in 


Glass  Material 

Composition 

Density,  at 
25®  C 

I  Goeff.  of  Therm. 
Exp.  ppm  per  ®C 

Softening 
Point,  ®C 

Anneal. 
Temp.,  ®C 

Quartz,  fused,  clear"* 

Silicon  dioxide 

2.20 

— 

1,667 

1,140 

Coming  Glass  No.  001 

Soda-potash-lead-silicate 

2.85 

9 

626 

425 

Coming  Glass  No.  008 

Soda-lime-silicate 

2.47 

9.2 

634 

163 

Corning  Glass  No.  009 

Potash-lead-silicate 

4.13 

6.9 

630 

431 

Corning  Glass  No.  010 

Potash-soda-barium-silicate 

2.82 

9.2 

696 

510 

Coming  Glass  No.  012 

Soda-potash-lead-silicate 

3.05 

8.7 

692 

527 

Corning  Glass  No.  171 

Lime-alumina-silicate  nearly  alkali  free 

2.53 

4.1 

925 

716 

Corning  Glass  No.  704 

Soda-potash-borosilicate 

2.2i. 

4.9 

697 

484 

Coming  Glass  No.  705 

Soda-borosilicate 

2.23 

4.6 

1,160 

750 

Coming  Glass  No.  706 

Soda-borosilicate 

2.25 

5.0 

693 

494 

Coming  Glass  No.  707 

Low  alkali,  potash-lithia-borosilicate 

2.13 

3.1 

819 

553 

Coming  Glass  No.  723 

Aluminum  borosilicate 

— 

1.4 

703 

496 

Coming  Glass  No.  772 

Soda-Iead-borosilicate 

2.35 

3.6 

756 

526 

Coming  Glass  No.  774 

Soda-borosilic'ite 

2.25 

3.3 

746 

490 

Corning  Glass  No.  775 

Soda-borosilicate.  Higher  content  of  2.20 

BiOj  than  No.  705 

4.2 

701 

467 

Corning  Glass  No.  790 

96  percent  SiO* 

2.18 

8 

1,450 

930 

Corning  Glass  No.  3320 

Sodium-potash-borosilicate 

2.29 

4.1 

710 

481 

Corning  Glass  No.  7052 

Soda-potash-lithia-borosilicate ; 
relatively  high  AIjOs 

2.31 

4.7 

788 

536 

(^)  Quartz  has  oompreaaive  strength  of  190,000  lb  per  sq  in.;  tensile  strength  of  7,000  lb  per  sq  in.;  electrical  strength  at  23  C  of  15,000  volts  per  mil;  and 
surface  resistivity  at  50  percent  humidity  between  2  sm  5  X  10*  ohms. 
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electrical  porcelains,  steatites,-  titanates,  fused  quartz  and  glass 


Te 

Value 

°C 

Safe 

Temp. 

°C 

Water 

Absorp. 

% 

Spec. 

Grav. 

Remarks 

400- 

8.15 

1,300- 

1,6(M) 

0.00- 

20 

2  2- 
"3.2 

Extremely  hard  (Mohs  9.0).  Elasily  degassed.  Used  for  insulation  in  vacuum 
tubes,  for  spark  plug  cores,  thermocouple  insulators  and  vacuum  insulators. 

615 

1,.350 

10- 

15 

2.1 

Highly  refractory  brnly  with  good  electrical  pri>i*ei  ties. 

620 

1,100 

2.5 

2.3 

Commonly  known  as  Lava.  Insulators  are  machined  from  the  natural  block,  then 
fired.  Shrinkage  in  tiring  Is  low.  For  small  production  runs. 

100- 

780 

1,200- 

1,250 

0.5- 

15 

1.6- 

2.3 

Highly  resistant  to  heat  shock.  For  resistor  and  coil  forms  and  supports,  arc 
chambers,  burner  tips,  heat  insulation  and  thermocouple  insidators. 

1,000 

1,000 

0.00- 

0.05 

2.8 

Similar  to  steatite.  Low  loss  factor;  very  dense;  high  and  uniform  coelT.  of  ex" 
pansion  lietwcen  20  and  700C,  easily  matched  by  a  nickel-iron  alloy. 

275- 

100 

900 

0..5- 

O 

2  2- 
*^2.5 

For  switch  bases,  resistor  fortns,  lamp  sockets,  and  low-voltage  insulators,  (ilazin? 
improves  appearance,  reduces  water  absorption,  makes  cleaning  easier. 

300- 

500 

1,000 

0.00- 

0.5 

2.3- 

2.5 

For  power-lino  insidators,  resistor  forms,  and  terminal  blocks.  All  porcelains  can 
be  glazed  at  very  little  increased  cost. 

700 

1,350- 

1,500 

0.00 

3.1- 

3.9 

For  spark  plug  cores,  thermoiAjuple  insulation,  and  protective  tubing  for  high" 
voltage  wiring.  All  por«;elains  can  be  machined  by  grinding. 

700 

1,000- 

1,200 

0.00- 

0.5 

3.0- 

3.8 

Power  factor  drops  at  high  frequerunes,  giving  low  loss  factor.  Zircon  improves 
heat  shock  resistance.  For  cxiaxial  cable  insulators,  etc. 

600 

1,000 

0.  OH¬ 
IO 

2.3- 

2.8 

Provides  heat  resistance  at  low  cost  for  insulation  and  mechanical  supports  as  in 
heating  elements.  All  electrical  porcelains  are  chemically  inert. 

110- 

1,000 

980- 
1 , 100 

0.00- 

'  0.05 

2 . 5- 
2.8 

For  casting,  wet  or  dry  pressing,  extrusion  and  machining.  Used  for  high-fre¬ 
quency  insidation  and  for  insidation  in  electrical  appliances. 

600- 

900 

1,200 

1- 

3 

2.3- 

2.8 

Commonly  known  as  Lava.  Objects  are  machined  from  the  natural  block  and 
fired.  For  spacers  in  vacuum  tubes  and  for  high-frequency  insulation. 

200- 

100 

800-  0.00 
1,000 

3.1- 

8.9 

For  dielectric  material  in  ceramic  capacitors  and  for  lightning-arrester  insulation. 
Properties  of  the  various  titanates  vary  greatly  with  composition  and  manu¬ 
facturing  processes.  Barium  titanate  with  K  of  1,200  was  used  for  capacitor 
dielectrics  in  pmximity  fuze.  Temp.  coelT.  of  cap.  is  zero  for  K  of  20  with  TiO?, 
is  positive  under  20,  and  negative  over  20. 

550 

1,000 

0.00 

3.9- 

7.2 

inches  per  inch  per  degree  C  X  lO  *  (multiply 
values  in  this  column  by  iO~*). 

The  Te  value  Ls  the  temperature  in  degrees  C 
at  which  a  1-centimeter  cube  has  a  resistance  of 
one  lue^hm.  This  is  a  convenient  method  for 
comparison  of  volume  resistivity  at  elevated  tem¬ 
peratures,  since  ceramic  dielectric  materials  de¬ 


crease  their  volume  resistivity  as  temperature 
goes  up  (negative  temperature  coefficient  of 
resistance). 

Hardness  of  ceramics  ranges  from  6  to  9  on  the 
Mohs  scale,  wherein  the  spi^men  is  rubbed 
against  sample  minerals  of  va^ing  hardness,  each 
identified  with  a  number. 
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1 

Vol.  Resist. 

Dielec. 

Loss  Tangent 

350®  C,  ohms 

Const.,  100  me 

100  me  1 

Remarks 

3  X  10'® 

3.85 

0.0001 

High  quality  insulatcr. 

1.33  X  10^ 

6.37 

0.0021 

High  expansion,  high  resistance  glass. 

1.20  X  10‘® 

9.0 

0.0022 

Lsed  for  X-ray  shields. 

9.55  X  10' 

6.65 

0.0018 

Lead-txintaining  glass  with  high  expansion  and  high  resistance. 

1.48  X  10» 

6.75 

0.008 

Bulbs,  bottles,  and  windows. 

3.98  X  lOi* 

7.06 

0.0028 

High  expansion,  high  resistance. 

2.85  X  10* 

6.0 

0.0012 

High  teinperattire,  low  expansion,  high  resistance  applications. 

8.80  X  10^ 

4.65 

0 ,  (M»28 

1  sed  for  sealing  to  metals. 

3.8 

0.0016 

U.sed  for  small  tungsten  seals  and  sealing  to  silica. 

2.57  X  10‘ 

4.7 

0.004 

Seals  to  metal  and  glasses. 

4.73  X  10« 

5.0 

0.008 

General  low-expansion  glass.  (Pyrex  brand  chemical  glass). 

5.89  X  10® 

4.75 

0.0034 

Sealing  to  metals  and  glas.ses. 

1.59  X  UP 

4.5 

0,0032 

T ungsten  sealing. 

1.30  X  10* 

4.0 

0.0012 

Low  loss  glass. 

5.31  X  10^ 

4.3 

0.0021 

Intermediate  glass  sealing. 

1.29  X  10* 

3  9 

0  0006 

High  temperature,  low-loss,  low-exp<msion  glass. 

2  X  10^ 

5.0 

0.0036 

Seals  to  metals. 

1.14  X  10’ 

4.7 

0.0012 

Tungsten  sealing,  intermediate  glass  sealing. 

(■)  Loaa  tangent  equals  loss  factor  divided  by  real  dielectric  constant. 
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■  ■  ■  a  brief  list  of  materials 


ACETONE  (acetone  oil) — Colorleu  liquid  from  about 
— 95  C  (melting  point)  to  56  C  (boiling  point),  solvent  for 
insulating  compositions  containing  natural  or  synthetic 
resins,  c^nlose  esters  or  ethers,  plastics,  lacquers,  aud  var¬ 
nishes;  commercial  grade  is  practically  pore. 


ADHESIVES — Used  in  joining  various  t3rpes  of  materials  to 
each  other,  adhesives  are  made  in  great  variety.  Styrene 
resin  synthetic  thermoplastic  adhesives  bond  by  releasing 
their  solvent,  which  is  an  aromatic  hydrocarbon,  and  are 
fused  by  heating.  They  are  resistant  to  water  and  fungus 
and,  although  mechanically  brittle,  are  good  electrically. 
Vinyl  acetal,  with  alcohols  or  fatty  acid  esters  as  solvents, 
are  cured  by  releasing  the  solvent  under  heat;  it  is  an 
excellent  adhesive  for  glass  and  resists  fungus.  One  of 
the  best  adhesives  for  metals  is  phenolic-elastomer,  a  syn¬ 
thetic  thermosetting  resin.  It  is  cured  at  from  275  to  310  F; 
solvents  are  chlorinated  hydrocarbons  and  ketones. 


ALUMINUM  CHLORIDE — Catalyst  in  making  dielectrics 
from  polyphenyl  derivatives  of  methane  and  ethane,  ■  halo- 
genated  in  an  aromatic  nucleus,  and  derivatives  of  benzo- 
phenone;  such  dielectrics  tend  to  be  chemically  stable  under 
all  conditions  encountered  in  electrical  applications  and 
tend  not  to  produce  explosive  gases  when  subjected  to 
arcing. 


ALUMINUM  METAPHOSI’HATE — -White  powder  used  as 
constituent  of  glazes,  enamels,  glasses,  and  as  a  high-tem- 
perature  insulating  cement. 


ALUMINUM  OXIDEj — White  crystalline  artificial  corundum 
used  as  abrasive  in  different  grades  for  toolroom  grinding, 
abrasive  wheels,  papers,  cloths,  and,  mixed  with  oils,  as 
grinding  compounds.  Because  of  its  high  melting  point 
(3,720  F)  it  is  used  as  a  refractory,  and  as  a  high-grade 

^  insulator. 

^  ALUMINUM  SILICATES — Clays  consist  of  aluminum  sili¬ 
cates  in  varying  degrees  of  purity,  usually  containing  quartz, 
mica,  iron,  lime,  magnesia,  and  alkalies.  Most  domestic 
clays  are  kaolins  (China  clays)  consisting  chiefly  of  hy¬ 
drated  aluminum  silicates,  used  for  electrical  insulation. 
Mica  is  a  class  of  aluminum  silicates  and  an  alkali  such  as 
potassium,  sodium,  or  lithium;  iron,  magnesium,  and 
chromium  are  usually  present  so  that  the  color  varips  from 
transparent  to  green,  red  brown,  gray,  or  black.  The 
naturally  occurring  thin,  slightly  elastic  sheets  are  used 
directly  or  the  mica  is  ground  into  a  binder  to  form  elec¬ 
trical  insulators. 


ALUMINUM  SULFATR  -White  powder  extremely  soluble 
in  water  forming  an  acid  solution,  used  in  storage  battery 
electrolytes  for  which  the  iron-free  grade  is  used;  ammonium 
alum  (sulfate)  is  similarly  used,  especially  for  lead-plate 
storage  batteries. 


AMBER — A  yellow  or  brown  translucent  fossil  resin  found 
in  alluvial  soils  or  with  beds  of  lignite;  it  takes  a  fine  polish 


(and  becomes  electrified).  Fine  varnishes  are  made  with 
amber  as  a  base. 


AMMONIUM  BORATE — Acid  salt  soluble  in  water  giving  a 
slightly  alkaline  solution,  used  as  capacitor  electrolyte. 


AMMONIUM  CHLORIDES — Commonly  called  sal  ammoniac, 
it  is  a  white  but  discolored  granular  material  that  is  very 
soluble  even  in  cold  water,  slightly  soluble  in  alcohol;  it  is 
used  as  soldering  flux  or  as  electrolyte  in  dry  cells,  as  is 
the  double  salt  zinc  ammonium  chloride,  and  ammonium 
sulfate. 


AMMONIUM  SULPHATE — .Salt,  extremely  soluble  in  water, 
used  as  a  flux  for  soldering  and  galvanizing  iron. 


AMYLOLAMINI^ — Dispersive  agent  in  making  special  lubri¬ 
cants  for  electrical  switches. 


ANILINE  (aniline  oil) — Colorless  oil  turning  red  or  brown 
in  air;  solvent  for  tungsten  hexachloride  in  making  tungsten 
filaments. 


BARIUM  SULFATE — Occurring  naturally  or  commercially 
ground,  it  is  called  barytes;  process  materia]  in  making  arc 
electrodes,  insulators,  resistances,  storage  battery  electrodes 
or  separators. 


BEESWAX — Yellow  or  bleached  grades  are  ingredients  of 
insulations,  paints,  varnishes,  fillers  in  making  rubber  insu¬ 
lators,  electroplater’s  wax. 


BENZENE — Colorless,  volatile,  inflammable,  toxic  liquid 
boiling  from  80  to  120  C,  used  as  a  solvent  or  diluent  for 
waxes,  resins,  and  rubber  in  manufacturing  insulations  for 
cables,  wires,  and  coating  electrical  equipment. 


BORAX  (sodium  borate) — Alkaline  salt  slightly  soluble  in 
cold  water,  highly  soluble  in  hot  water,  used  as  flux  with 
solders,  ingredient  in  electrolytes  for  rectifiers,  capacitors, 
and  lightning  arresters. 


BORON  CARBIDE — Black,  crystalline  powder  of  great  hard¬ 
ness  used  as  an  abrasive,  cutting  compound  for  molded  insu¬ 
lations,  electrode  and  terminal  materials,  and  compressed 
into  dies  for  drawing  wire.  Commercial  grades  contain 
graphite  as  a  lubricant. 


CARBONDIOXIDE — Colorless,  odorless  gas,  soluble  in 
water,  used  as  reagent  in  fire  extinguishers  for  electrical 
equipment,  maintaining  an  inert  atmosphere  in  oil-filled 


A  more  extensive  listing  of  chemicals  used  in  all  industries  will  be  found  In  "Uses  and  Applications  of  Chemicals  and  Related 
Materials”,  T.  C.  Gregory,  Reinhold  Publ.  Co.  and  in  “Chemicals  of  Commerce",  F.  D.  Snell  and  C.  T.  Snell,  D.  Van  Nostrand 
Co. ;  properties  of  many  chemicals  are  given  in  “Handbook  of  Chemistry  and  Physics”  edited  by  C.  D.  Hodgman,  Chemical 
Rubber  Publ.  Co. 
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with  properties  that  especially  suit  them  to  use  in  the  electronic  industry 


tranaforniers  to  pre\eui  posiiible  combustion  of  the  oil,  and 
for  testing  the  tightness  of  cable  and  waveguide  joints.  In 
the  solid  form  (dry  ice),  it  is  used  to  cool  vacuum  traps  in 
evacuating  systems. 


CARBON  TETRACHLORlDt  ^solvent  for  esters  or  ethers 
of  cellulose,  resins,  and  gums,  used  in  or  as  solvent  for 
insulations  made  of  such  materials,  also  as  a  substitute  for 
oil  in  electrical  switches  and  transformers  requiring  high 
insulation  resistance. 


CARNAUBA  wax — Crude  greenish  brown  wax  occurring 
naturally  on  leaves  of  a  Brazilian  palm  tree;  it  is  refined 
with  sulfuric  acid  to  give  a  yellow  product.  It  solidifies  at 
from  80  to  87  C  and  is  soluble  in  boiling  alcohol,  hot  tur¬ 
pentine,  or  carbon  tetrachloride.  The  hardest  of  the  waxes, 
it  is  used  in  insulating  compounds  and  phonograph  records. 


CERESIN — Noncrystalline  wax-like  material  containing  par¬ 
affin  and  other  waxes;  commercial  varieties  melt  at  from 
140  to  180  F ;  used  as  general  insulating  agent,  binder,  coat¬ 
ing  material;  used  as  insulation  in  capacitors,  boiling  out 
agent  for  cables,  machines,  transformers,  coating  and  insula¬ 
tion  for  batteries,  radio  wires  and  coils,  filler  for  cable 
junctions,  sealing  agent  for  dry  electrolytic  cells,  water¬ 
proofing  for  instruments  and  machinery,  and  ingredient  of 
other  insulating  compositions. 


CERESINE— White  or  yellow  wax  made  by  purifying 
ozokerite;  it  is  used  as  a  substitute  for  beeswax.  Ozokerite 
is  a  waxlike  mineral,  colorless  or  white  when  pure  but  often 
greenish,  yellowish,  or  browmish;  it  is  a  mixture  of  hydro¬ 
carbons,  also  called  ader  wax,  and  used  in  taking  impressions 
to  be  electroplated.  It  occurs  naturally  or  is  made  syn¬ 
thetically. 


CONDUCTIVE  COATlN(i — Mechanized  wiring  methods,  in 
which  a  high-conductivity  material  is  applied  to  a  non- 
conductive  material,  use  various  grades  of  conductive, 
coatings.  Fur  bonding  metals  to  ceramic  bases,  a  coating  con¬ 
sisting  primarily  of  silver  powder  and  finely  ground  low- 
melting  glass  in  a  liquid  vehicle  and  with  an  organic  binder 
is  used.  After  the  binder  is  burned  out  by  firing,  this  coating 
gives  a  very  high  conductivity.  The  coating  can  be  applied 
to  glass,  porcelain,  steatite,  plastics,  wood,  cloth,  paper,  and 
metals.  Applied  to  metals,  the  coating  inhibits  rust  of  the 
base  thus  preserving  its  surface  conductance.  The  coatings 
can  also  serve  as  a  base  for  subsequent  electroplating,  in 
which  case  a  thin  layer  of  copper  is  first  electroplated  over 
the  coating,  after  which  any  other  metal  can  be  plated  on. 
The  conductive  coatings  can  be  applied  by  spraying,  dipping, 
brushing  or  stenciling.  One  troy  ounce  of  materials  covers 
about  three  square  feet  of  surface. 


COPPER  SULFATES — Also  called  cupric  sulfate,  blue  vitriol, 
or  bluestone,  this  most  common  of  all  salts  of  copper  is  an 
ingredient  of  battery  electrolytes  and  electrolytes  used  in 
making  masters  for  pressing  phonograph  record  discs. 


DIAMYLAMMONIUM  DIHYDROC^EN  PHOSPHATE— 
Hard,  yellow  gum  used  as  a  constituent  of  rust-inhibiting 
paints. 


DICYCLOHEXYL — Clear  liquid  used  as  a  high  boiling  point 
solvent,  plasticizer,  and  dielectric. 


GLASS-BONDED  MIGA — Finely  powdered  mici^  usually 
muscovite  or  occasionally  pblogopite,  is  bound  in  a  low- 
melting  glass,  usually  of  ie  borate  or  borosilicate  type 
with  or  without  lead.  The  mixture  is  solidified  at^fai^ 
temperature  and  pressure.  Because  the  mica,  even  in  its 
finely  ground  state,  is  in  the  form  of  flat  plates,  it  orientates 
itself  across  the  direction  of  pressure  during  formation  so 
that  the  finished  product  has  directional  properties.  The 
glass-bonded  mica  can  be  machined  most  simply  across  the 
grain;  tungsten  carbide  tools  and  water  as  a  coolant  and 
lubricant  are  used.  If  the  surface  is  smooth,  glass-bonded 
mica  does  not  absorb  water  or  oil,  has  a  higher  softening 
temperature  and  lower  coefficient  of  expansion  than  plastics. 
Semipolished  glass-bonded  mica  can  have  a  loss  factor  as 
low  as  0.(fl4  at  one  megacycle;  its  dielectric  constant  is  prac¬ 
tically  independent  of  frequency  from  50  kilocycles  to 
10  megacycles  and  lies  between  6.5  and  11  depending  on 
composition;  dielectric  strength  is  500  volts  per  mil;  surface 
resistance  (after  four  days  at  85  F  and  85  percent  relative 
humidity)  is  300,000  megohms  per  inch.  Glass-bonded  micas 
are  used  as  tube  bases,  coil  forms,  and  other  structural  and 
insulating  parts  requiring  dimensional  stability  and  good 
high-frequency  properties. 

IODINE — Ingredient  of  fluorescent  screens  containing  cal¬ 
cium  tungstate  and  an  inorganic  binder,  and  in  selenium 
photocells. 

ISOPROPYL  ALCOHOL — Solvent  for  shellac  in  making 
capacitors,  cements  for  tube  bases  and  caps,  damp-proofing 
insulating  coatings  for  coils,  and  for  insulators  and  seals. 


M.ALIC  ACID — Ingredient  of  electrolyte  for  capacitors  and 
lightning  arresters;  it  is  a  colorless  crystalline  solid  that  is 
soluble  in  water,  alcohol,  or  ether. 


MANGANESE  CHLORIDE — A  process  material  used  in 
making  depolarizers  for  dry  batteries  and  a  substitute  for  sal 
ammoniac  in  charging  electric  batteries;  mercuric  chloride 
and  manganese  dioxide  are  also  used  as  depolarizers  in 
batteries. 


MANNITOL — Ingredient  of  paste  used  in  making  dry  elec¬ 
trolytic  capacitors. 


MERCURIC  OXIDE — Both  red  and  yellow  mercuric  oxide 
are  used  as  depolarizers  in  mixture  with  graphite  in  batteries 
containing  manganese  dioxide  and  sulphuric  acid. 


MERCURY — The  only  metallic  element  that  is  liquid  at 
normal  temperatures;  solidifies  at  — 40  F,  boils  at  662  F, 
does  not  oxidize  at  normal  temperatures;  it  is  used  in 
rectifiers  and  switches,  as  a  bath  in  sealing  glass  bulbs  and 
in  vacuum  pumps,  as  an  ingredient  in  electrolytes,  and 
otherwise  in  batteries.  Mercury  bisulphate  is  an  ingredient 
of  the  active  agent  in  batteries. 


METHYLOLAMING— Dispersive  agent  used  in  making  spe¬ 
cial  lubricants  for  electric  switches. 


MOL^BDENLTM  TRIOXIDE — Reagent  used  in  making  fila¬ 
ments. 


ELECTRONICS  BUYERS'  GUIDE  — June,  1948  — MID-MONTH 


M-7 


Chemicals,  natural  and  prepared  lor  electronic  industry,  (continued) 


PHOSPHORIC  •  ACID — Ingredient  or  process  material  for 
ele^olytes  for  rectifiers,  capacitors,  batteries,  and  for 
resistances  and  filaments. 


SILICONES — Organosilicon  polymers  have  a  wide  range 
of  physical  properties.  Organosilicon  fluids  have  high  tem¬ 
perature  stability  and  other  properties  that  suit  them  for  use 
as  lubricants  under  adverse  conditions,  mold  release  fluids, 
and  diffusion  pump  fluids  (without  cold  traps  a  vacuum  of 
1  X  10’’  mm  of  mercury  can  be  obtained).  Silicone  greases 
provide  lubricants  that  do  not  harden  to  temperatures  as 
low  as  — 95  F'  or  that  melt  to  as  high  as  500  F ;  they  can  be 
used  in  high-vacuum  seals  operating  at  vacuum  less  than 
10‘*  mm  of  mercury,  or  as  dielectrics.  Insulating  varnishes 
made  from  silicones  are  heat  and  moisture  resistant,  and 
have  dielectric  strengths  (volts  per  mil,  0.25-in.  electrode) 
from  2,000  (wet)  to  3,000  (dry),  dielectric  constant  at 
1,000  cps  of  from  3.0  to  3.5  and  a  power  factor  of  approxi¬ 
mately  0.7  percent.  Silicone  resins  used  directly  for  insu¬ 
lating  magnet  wire  have  low  moisture  absorption,  and 
used,  for  bonding  or  impregnating  laminates  impart  high 
insulation  resistance  and  dielectric  strength.  Fibrous  glass 
laminates  bonded  with  a  thermosetting  silicone  resin  have  a 
dielectric  strength  of  270  volts  per  mil,  a  dielectric  constant 
of  3.7,  which  increases  to  4.73  after  24  hours  immersion,  and 
a  power  factor  of  0.005L  which  increases  to  0.0125  after  24 
hours  immersion,  both  at  one  megacycle.  The  insulation 
resistance  is  greater  than  100,000  megohms.  The  silicone 
resins  also  provide  protective  coatings.  Silicone  elastomers 
(Silastic),  being  90  percent  inorganic,  retain  their  rubbery 
properties  from  — 56  C  to  over  260  C.  Tlie  bond  energy 
between  the  silicone  and  oxygen  atoms  of  the  molecular 
skeleton  of  the  silicone  elastomers  is  about  89  kilocalories 
per  niol  while  the  bond  energy  between  carbon  atoms  of  the 
skeleton  of  synthetic  and  natural  rubbers  is  only  about 
59  kilocalories  per  mol.  Silastics  have  dielectric  constants 
ranging  from  about  3  to  11  and  power  factors  from  0.1  to 
6.0  percent  at  one  megacycle,  and  a  surface  resistivity  of  the 
order  of  10  million  megohms.  Among  the  applications  for 
silicones,  aside  from  those  directly  related  to  its  use  as  an 
insulating  material,  are  as  a  resin  binder  in  producing  heat 
stable  and  waterproof  basing  cements  for  sealing  transmit¬ 
ting  lubes  to  metal  bases,  as  a  bond  for  powdered  metals, 
silica,  asbestos,  glass,  or  mica,  or  for  carbon  in  the  fabrica¬ 
tion  of  electrical  resistors,  as  a  corona  and  moisture  resistant 
filler  for  sealing  high-voltage  terminals,  as  a  water  repellant 
for  coating  ceramics,  as  a  lubricant  wben  passing  electrical 
cables  through  close-fitting  spaces,  and  as  a  moisture-proof 
seal  for  radar  and  other  microwave  systems. 


SODIUM  CYANIDE — White  crystalline  powder,  soluble  in 
water  and  very  unstable;  on  exposure  to  moist  air  it  lib¬ 
erates  highly  poisonous  hydrocyanic  acid  gas.  Combines 
with  metals  to  form  soluble  double  salts.  Used  as  elec¬ 
troplating  bath  for  gold  and  silver. 


SODIUM  SILICATES — High-temperature  insulators,  ingredi¬ 
ent  of  electrolyte  for  rectifiers. 

SORBITOL — Humectant  in  dry-type  electrolytic  capacitors. 

SULFURIC  ACID — The  most  widely  used  acid,  used  for 
cleaning,  as  a  solvent,  and  process  material  in  numerous 
ways.  Battery  acid,  a  grade  of  sulfuric  acid  especially  puri¬ 
fied  for  use  in  lead-plate  storage  batteries,  is  colorless  and 
practically  free  from  iron  impurities.  Commercial  concen¬ 
trations  range  from  1.200  to  1.835  specific  gravity.  Other 
grades  of  sulfuric  acid  are  variously  purified  and  concen¬ 
trated  depending  on  intended  use. 


THALLIUM  OXYSULPHIDE- Light-sensitive  material  in 
photocells;  tellurium  is  used  in  making  crystal  detectors  and 
dry  rectifiers. 


TIN  TETRACHUORIDE — Starting  point  in  depositing  oxide 
coatings  on  filaments  of  thermionic,  x-ray,  and  rectifier  tubes. 


TRANSFORMER  OIL — Practically  nonvolatile  grade  of 
mineral  distillate,  free  from  water  and  acids,  used  as  a  cool¬ 
ing  and  insulating  agent. 


VARNISHES — Numerous  types  and  grades  of  varnish  coating 
materials  are  used  to  provide  protection  from  oil  and 
moisture  and  electrical  insulation.  Of  the  solvent  type 
varnishes,  synthetic  phenolics  either  unmodified  or  oil 
modified  produce  hard  brittle  films,  cure  by  heat  giving  off 
water  and  in  some  cases  ammonia  during  polymerization. 
Once  cured  they  are  dimensionally  stable  and  thermoset 
(will  not  soften  on  reheating).  Bases  for  such  varnishes 
are  phenolformaldehyde,  phenolfurfural  and  cresylformalde- 
hyde  reaction  products;  solvents  such  as  alcohol,  ketone  and 
benzol  solvents  are  used.  Such  drying  oils  as  tung  oil, 
linseed  oil  and  dehydrated  castor  oil  are  used  to  modify 
this  type  varnish.  They  make  the  varnish  film  more  plastic 
and  flexible;  the  varnish  then  cures  by  heat  or  oxidation  of 
the  drying  oil  giving  a  tougher,  less  brittle  film  than  the 
unmodified  phenolic  varnishes.  Alkyd  varnishes  are  various 
formulations  of  polyhydic  alcohols  and  polybasic  acids; 
combined  with  drying  oils  they  form  baking  or  air-drying 
varnishes  that  give  tough,  elastic,  moistureproof  films. 
Alkyd  resins  combined  with  drying  oils  form  varnishes  that 
are  cured  by  heating  in  air;  only  thin  films  can  be  laid 
down  as  thick  ones  will  not  cure  in  their  cores.  They  form 
tough,  plastic,  flexible,  heat  resistant  and  moisture-proof 
films.  The  varnish  can  be  pigmented  with  fillers  to  increase 
its  resistance  to  moisture  and  arcing.  Included  in  this  class 
are  also  maleic  anhydride  unsaturated  resins  which  form 
slightly  hard  films  that  are  very  resistant  to  moisture  and 
heat,  oil  modified  oxidizing  alkyds  that  form  soft  filvns, 
alkydphenolic  resins  and  natural  resin  modified  by  alkyds. 
Oleoresinous  natural  resin  varnishes  are  mixtures  of  natural 
or  reacted  gums  modified  with  drying  oils  in  solvents.  They 
cure  by  reaction  with  oxygen  during  he.'iting  and  are  not 
fully  thermosetting.  They  form  hard,  tough,  moisture- 
resistant  thin  films.  Those  made  with  asphalts  with  drying 
oils  in  solutions  of  pitch  or  gilsonite  and  drying  oil  in  a 
solvent  such  as  petroleum  naphtha  form  soft  plastic  films 
cored  by  heating  in  air;  they  soften  on  reheating  above 
about  100  C.  Varnishes  made  with  silicones  (which  see)  are 
best  for  applications  requiring  resistance  to  high  tempera¬ 
ture. 


ZINC  CHLORIDES — White,  crystalline,  poisonous  substance 
used  as  soldering  flux,  dehydrating  agent,  wood  preservative, 
and  as  a  constituent  of  adhesives. 


ZIRCONIUM  OXIDE — Also  termed  zirconia,  it  is  a  white 
crystalline  powder  having  a  melting  point  of  5,350  F  when 
pure;  it  is  the  most  heat  resistant  of  the  commercial  refrac¬ 
tories,  the  commercial  product  melting  at  about  5,000  F,  and 
having  the  very  low  coefficient  of  expansion  of  0.0000008;  it 
resists  acids  and  alkalies.  It  is  used  as  an  incandescent  body 
in  lamps,  and  in  compositions  used  for  insulation.  The  oxide 
is  the  chief  source  of  the  metal,  which  is  used  as  a  getter 
for  oxygen  and  nitrogen,  or  is  heated  with  carbon  to  form 
zirconium  carbide  which  is  a  very  hard  abrasive. 
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GASES... 


11 W  b  V  ■  ■  ■■  physical  properties  of  inorganic  gases,  prin¬ 
cipal  spectral  lines  of  ionized  gases,  and  characteristics  of  gaseous  insulators 


Inorganic 

Gas 

Molecu¬ 

lar 

Weight 

Density 
at  0“C 
760  mm  Hg 
gm/lUer 

Air,  dry 

— 

1.2929 

Argon 

39.94 

1.782 

Helium 

4.00 

0.1785 

Hydrogen 

2.02 

0.0899 

Krypton 

83.70 

3.708 

Mercury 

200.61 

— 

Vapor 

Neon 

20.18 

0.9002 

Nitrogen 

28.04 

1.2506 

Oxygen 

32.00 

1.4290 

Sodium 

23.00 

Vapor 

Xenon 

131.30 

5.851 

Velocity 
of  Sound 
at  0“  C 
meters 
per  sec 


56.8  0.2374  331.7 

40.6  0.1252 


336.3  1.251 

327  3.389  1,269.5 

21.2  0.0597 

109.2  0.2455 

52.4  0.2447 

56.3  0.2178  317.2 


12.4  0.0382 


loniz^ 

Potentials* 

volts 


I  I  II  I  III 


27.8  36.8 


6.3 
9.11  13.55 

2.1  5.12 

8.39  12.08 


Wavelengths  of 
Principal  Spectral 
Lines 

angstrom  units 


Insulating  Gas* 


T  richloroiuonofluorome  thane 
CCliF 

Dichlorotetrafluoroe  thane 
^CIjF4 

T  richlorotrifluoroethane 

CtCUF, 

Dichlorodifluoromethane 

CC1,F, 

Sulfur  Dioxide  SO* 

Carbon  Tetrachloride  CCI4 


Dicbloronuoromethane 

CHC1,F 

Hydrogen  Sulfide  HjS 
Ethylamine  CiHtNH} 
Methyl  Chloride  CHiCl 
Dimethylamine  (CHj)jNH 
Methyl  Bromide  CILBr 


2.4*  -28.0 

1.9  -10.0 

1.65^  76.74 


0.00003 

0.00011 


0.00031 

0.00050 


0.00052  0.00106 


-60.75  ^0 


16.51 

-24.4 

7.4 

3.7 


0.00031 

0.00055 

0.00042 


=0.00003 

0.00102 

0.00080 

0.00070 

0.00062 


Dielectric 

Constants 

— 

1.00029 

1.00031 

1.00075 

1.00086 

1.00049 

1.00052 

1.00030 

1.00035 

1.00053 

1.00045 

1.00094 

1.00099 

1  00040 

1.00095 

1.00100 

Freon  11.  Vapor-nitrogen 
mixture 
Freon  114 

Freon  113.  Vapor-nitrogen 
mixture 


Nonflammable.  Toxic.  Data 
given  for  vapor-nitrogen 
mixture 


Toxic.  Corrosive  when  wet 
Flammable 

Moderately  flammable 
Irritating.  Flammable 
Nonflammable.  Toxic 


•  Measuitannnts  were  made  at  23®  C  and  760  mm  mercury  total 
preaaure.  Complete  data  on  behavior  of  ga^es  at  microwave  freauencies, 
including  variation  in  complex  dielectric  constant  and  changes  in  dielectric 
strength  with  amplitude,  duration,  duty  cycle  and  fre<|uency  of  pulsed 
r-f  power,  are  not  yet  available. 

*  Dielectric  strengths  are  given  relative  to  that  of  nitrogen  at  room 
tempeiature  and  760  mm  mercury  pressure  (E.  E.  Charlton  and  F.  S. 
Cooper.  Dielectric  Strength  of  Insulating  Fluids,  General  Eleclric  Review, 
p  438,  ^ptember  1937). 

<  Reciprocal  of  absorption  coefficient  is  path  length  in  cm  at  which 


power  in  a  plane  wave  will  be  reduced  to  l/«  of  its  initial  value  (John  E. 
Walter  and  W.  D.  Hershberger,  Absorption  of  Microwaves  by  Cases, 
Journal  of  Applied  Phyticv,  p  814,  October  1946). 

*  Relative  dielectric  strength  increases  to  5.6  at  a  vapor  pressure  of  2 
atmospheres  absolute. 

*  Relative  dielectric  strength  increases  to  15.3  at  a  vapor  pressure  of 
6.05  atmospheres  absolute. 

t  Relative  dielectric  strength  increases  to  3.2  at  a  vapor  pressure  of  1 
atmosphere  absolute  and  a  temperature  of  80°  C. 
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lubrication,  paint  bases,  and  protection 


chromized  steel  is  somewhat  similar  to  that  of  high-chromium 
steels. 


COPPERWELD — Process  of  producing  surface  layer  of  copper- 
on  steel  to  improve  corrosion  resistance  and  increase  electrical 
conductivity,  involving  pouring  of  molten  copper  around  a 
heated  steel  hillet  fastened  in  the  center  of  a  mold.  The 
composite  ingot  is  then  rolled  and  cold  drawn  to  the  desired 
size  and  cross-sectional  shape  for  wire,  bars,  nails,  ground 
rods,  etc.  On  wire,  the  thickness  of  the  Copperweld  coating 
is  10  to  12.5%  of  the  wire  radius. 


CORRONIZINC — A  process  in  which  nickel  is  plated  on  steel, 
followed  by  a  layer  of  zinc.  The  composite  coating  is  heated 
to  a  temperature  at  which  the  zinc  and  nickel  form  an  alloy. 
The  two  metals  may  also  be  codeposited. 

CREOSOTE) — A  distillate  of  coal  tar  used  extensively  for 
wood  preservation.  Sometimes  used  in  solution  with  coal  tar 
or  petroleum  to  seal  pores  of  wood.  Surface  cannot  be  painted. 

ELECTROGALVANIZING — A  method  of  applying  a  protec¬ 
tive  zinc  coating  to  steel  by  immersing  the  parts  in  an  electro¬ 
lyte  of  cyanide  zinc  or  a  sulfate  of  zinc  and  passing  a  current 
from  the  sides  of  the  tank  or  from  electrodes  to  the  work. 
Preliminary  cleaning  is  highly  essential.  Aluminum  powder 
is  sometimes  spread  over  the  zinc  bath  during  galvanizing  to 
prevent  oxidization  of  the  zinc  and  produce  a  silvery  finish. 

ELECTROPLATING — Used  for  applying  protective  coatings 
of  brass,  cadmium,  cobalt,  chromium,  copper,  nickel  and  zinc 
to  iron  and  steel.  Only  cadmium,  chromium  and  zinc  afford 
protection  because  they  are  electronegative  to  iron;  the  other 
metals  are  used  because  of  their  own  good  corrosion-resisting 
properties  and  because  they  are  good  surface  finishes. 

ELECTROPOLISHING — Method  of  finishing  silver-plated 
objects  that  is  essentially  reverse  electroplating.  The  work  is 
made  the  anode  after  electroplating  and  current  is  passed  until 
approximately  2%  of  the  silver  deposit  has  been  removed. 
Resulting  luster  is  equal  to  that  obtained  by  removing  5  to 
10%  by  hand  buffing.  The  electropolishing  electrolyte  is  an 
alkaline  cyanide  solution  composed  roughly  of  5  oz  Troy  silver 
per  gaL  4.5  oz  Avoir  potassium  cyanide  per  gal,  and  7  oz 
potassium  carbonate  per  gal.  Voltage  is  about  .5  volts  d-c  and 
|K>Iishing  time  is  about  15  seconds. 

ENAMETL — Pigmented  varnish;  essentially  a  mixture  of  opa¬ 
que  with  a  nonvolatile  vehicle  and  a  volatile  thinner.  Gener¬ 
ally  give  a  full  higb-gloss  film.  Evaporation  of  nonvolatile 
content  produces  fast  initial  set  that  makes  film  dust-free  in 
short  time. 


GRANODIZING — A  cold-spray  process  of  applying  phosphate 
coatings  to  steel  and  other  metallic  surfaces  to  produce  a 
crystalline  and  nonmetallic  surface  coating  of  zinc  phosphate 
that  tends  to  suppress  destructive  activity  of  galvanic  action. 
Rust  or  corrosion  does  not  spread  beyond  the  area  where  acci¬ 
dental  scratching  or  chipping  has  exposed  bare  metal.  A 
typical  process  sequence  involves  precleaning  the  metal  by 
spraying  with  an  alkaline-emulsion  cleaner,  rinsing  with  clear 
water,  coating  with  a  phosphate  known  as  Granodine,  rinsing 
with  clear  water  and  rinsing  finally  with  acidulated  water. 
Bath  temperatures  are  all  under  120  F. 

H.ARD-E’.\C1NG— Application  of  a  hard  surfacing  or  facing 
to  a  metal  by  welding  to  prevent  wear  and  provide  resistance 
to  heat  and  corrosion.  Hard-facing  materials  are  available  as 


welding  rods,  as  formed  inserts,  and  in  powdered  form.  The 
powders  are  spread  over  the  base  metal,  and  the  base  metal 
is  heated  to  the  melting  point  to  firmly  embed  powder  part¬ 
icles  in  the  surface. 


HYDROCARBON  POLYMERS— Organic  hydrocarbons  not 
usually  affected  by  water,  acids,  or  alkalies.  Except  for  polye¬ 
thylene,  not  widely  used  as  coating.  Polystyrene  iMy  prove 
useful  for  coatings  but  the  polymer  is  rather  brittle,  and 
plasticizers  do  not  impart  much  flexibility.  It  cannot  be 
blended  with  drying  oils. 

• 

INHIBITOR — A  substance  added  to  the  coreosive  environment 
of  a  metal  or  alloy  to  decrease  the  corrosion  rate.  The  two 
types  are  anodic  inhibitors,  such  as  soluble  hydroxides, 
chromates,  phosphates,  silicates  and  carbonates  that  decrease 
corrosion  of  iron  and  other  metals  in  aqueous  media,  and 
cathodic  inhibitors  such  as  magnesium,  zinc  or  nickel  salts 
that  decrease  corrosion  of  iron  and  steel  under  partial 
immersion.  The  action  occurs  at  cathodic  areas  near  the  water 
line. 


ISOMERIZED  RUBBER — Natural  rubber  treated  with  acid 
chlorides  or  salts;  varies  from  soft  material  to  tou^  gum  and 
hard  material  like  shellac.  Most  combinations  oxidize  to  hard 
glossy  but  flexible  films.  May  be  plasticized  and  blended 
with  resms  to  provide  other  properties. 


LACQUER — Very  hard,  glossy,  nontacky  film,  airdrying  or 
for  baking.  Clear  or  opaque  colors.  Vehicle  is  nitrocellulose 
or  similar  cellulose  resin.  Can  be  brushed  or  sprayed. 


LEAD — Used  mainly  on  iron  and  steel  and  usually  applied 
either  by  burning  on  or  rubbing  with  molten  lead.  Homo¬ 
geneous  lead  coatings  are  ordinai^y  heavy  and  nonporous  and 
are  used  for  their  resistance  to  chemical  solutions.  Sprayed 
coatings  are  also  heavy  but  tend  to  be  very  porous  relative  to 
their  thickness.  Hot-dip  lead  coatings  are  seldom  pure  lead 
because  of  difficulties  in  obtaining  complete  coverage.  Better 
result.s  are  had  by  first  coating  the  iron  or  steel  with  zinc, 
tin  or  antimony.  Both  hot-dip  and  electrodeposited  lead  coat¬ 
ings  are  porous  in  commercial  thicknesses. 


LOHMANNIZING — Method  of  coating  iron  and  steel  sheets 
by  immersing  in  a  bath  containing  an  amalgamating  salt,  then 
pickling  and  dipping  in  two  different  baths  of  molten  alloys 
to  provide  a  clean  finished  surface  coated  with  a  protecting 
tnetal.  Alloys  of  lead,  tin  and  zinc  are  used  in  various  propor¬ 
tions  in  the  process,  to  suit  requirements.  For  roofing  tin, 
the  alloy  coating  on  the  sheet  steel  base  contains  75%  lead 
and  25%  tin. 


MELAMINE  RESINS — Similar  to  the  ureas  in  many  prop¬ 
erties.  Can  be  modified  by  combination  with  butanol  or  capryl 
alcohol  in  the  same  way  as  the  urea  resins  are  modified. 
Employed  primarily  to  impart  hardness  to  alkyd  resins. 


-MONTAN-CREOSOTE — A  treating  compound  consisting  of 
about  60%  Montan  wax  and  40%  creosote,  used  for  preserva¬ 
tion  of  wood  outdoors  as  on  poles  and  cross-ties.  Treated 
wood  is  a  good  insulator.  Pressure  treatment  provides  essenti¬ 
ally  complete  penetration  of  sap  wood,  with  clean  surfaces 
free  from  stickiness  up  to  140  F.  surface  cannot  be  painted. 


NWTURAL  RESINS — Fossil  gums  and  shellac,  found  in 
nature.  Shellac,  the  most  important,  is  widely  used  by  it«elf 
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COATINGS . . . 


for -insulation,  surface  hardening. 


ACETAL  RESINS — Widely  used  for  surface  coatings.  Formal¬ 
dehyde  reacted  with  polyvinyl  alcohol  forms  poylvinyl  formal 
resin,  used  for  wire  coating.  For  greater  hardness,  a  reactive 
phenol<aldehyde  resin  may  also  be  incorporated  with  the 
acetal  resin. 


ACRYLATE  RESINS — Polymers  of  the  aliphatic  esters  of 
methacrylic  and  acrylic  acid  and  their  copolymers.  Varying 
hardness;  some  are  well  adapted  for  coatings.  Yield  water- 
white  films  which  do  not  discolor  on  exposure  to  heat  or  sun¬ 
light.  Are  resistent  to  water,  acids,  and  alkalies.  The  films 
are  thermoplastic  and  can  be  fluxed  on  baking. 


ALKYD  REPINS — Synthetic;  can  be  modified  to  produce  hard 
brittle  resins,  soft  plasticizing  resins,  and  polymers  which 
resemble  rubber  and  can  be  vulcanized.  For  additional  hard¬ 
ness  without  loss  of  color,  urep  or  melamine  resins  often  added 
to  alkyds.  Drying-type  alkyds  are  widely  used  with  cellulose 
nitrate  in  lacquers. 


ALUMINUM — Applied  by  a  cementation  process  known  com¬ 
mercially  as  calorizing,  wherein  the  articles  are  packed  in  a 
container  along  with  a  mixture  of  aluminum  oxide,  powdered 
aluminum,  and  ammonium  chloride,  then  heated  in  an  inert 
atmosphere  such  as  hydrogen  while  the  drum  is  slowly  rotated. 
Aluminum  coatings  are  resistant  to  sulphur  even  at  high  temp¬ 
eratures  and  do  not  oxidize.  Aluminum  can  also  be  appli^ 
by  means  of  a  molten  spray  and  by  the  hot-dipping  method;  in 
the  latter  case  heat-treating  is  required  to  improve  the  alloy 
bond. 


ANODIZING — Formation  of  inorganic  oxide  coating  on  certain 
metals,  chiefly  aluminum,  by  connecting  the  metals  as  the 
anode  in  suitable  electrol3rtes.  Excellent  protection  on  alumi¬ 
num  and  widely  used,  but  on  magnesium  and  zinc  less  pro¬ 
tective.  With  solutions  of  boric  acid  and  borates,  the  oxide 
formed  is  substantially  insoluble  in  the  electrolvte,  giving  a 
thin,  impervious  coating  as  required  in  electrolytic  capacitors 
and  rectifiers.  With  solutions  of  sulfuric,  oxalic  and  chromic 
acids,  the  oxide  formed  is  slowly  dissolved  by  the  electrolyte, 
giving  a  porous  coating,  permeated  by  electrolyte,  that  grows 
as  long  as  current  passes.  With  fluoboric  acid  solution,  the 
oxide  dissolves  as  fast  as  it  forms:  properly  done,  this  results 
in  electrolytic  polishing  of  the  surface  but  no  protection.  The 
second  type  is  generally  employed  for  production  of  thick, 
porous  protective  coatings  for  corrosion  protection  of  alumi¬ 
num.  There  may  be  as  many  as  one  trillion  (10“)  pores  per 
sq  in;  these  can  be  sealed  by  boiling  water  which  transforms 
the  aluminum  oxide  into  aluminum  monohydrate,  by  hot  dilute 
solutions  of  nickel  or  cobalt  acetate,  or  with  oils,  waxes  or 
resins.  For  best  service,  anodic  coatings  should  be  kept 
clean  by  occasional  washing  or  preferably  by  waxing;  they 
can  give  good  surface  appearance  for  upwards  of  10  years. 


BITUMINS— Three  types  of  bituminous  coatings,  for  atmos¬ 
pheric  use,  immersion  in  water,  and  underground  use.  Primers 
are  usually  applied  first,  by  dissolving  the  bituminous  sub¬ 
stance  in  a  volatile  solvent  of  the  proper  type  to  give  a  free- 
flowing,  brushable  and  sprayable,  quick-setting  product.  Upon 
drying,  the  primer  serves  as  a  thin  adhesive  coating  to  which 
the  hot  bituminous  protective  composition  will  firmly  bond. 
The  asphalts  or  pitches  are  often  filled  with  ground  slate, 
mica,  talc,  asbestos,  or  aluminum  bronze  powder  to  improve 
weather-resisting  properties. 


BONDERIZING — A  process  of  producing  on  metal  surfaces  a 
phosphate  coating  that  inhibits  corrosion  and  increases  adher¬ 
ence  of  paint.  A  tvpical  application  sequence  that  is  carried 
out  entirely  with  sheets  moving  on  an  overhead  conveyer  con¬ 


sists  of  an  emulsion  cleaner  spray,  two  water  rinses,  spraying 
with  Bonderite  solution,  a  water  rinse,  and  a  final  acid  rinse 
containing  a  small  amount  of  chromic  and  phosphoric  acids, 
allowing  about  one  minute  in  each  of  these  sprays.  After 
drying  in  an  oven  at  250  F  for  li  minutes,  the  sheets  are 
sprayed  with  a  zinc  chromate  primer  in  a  paint  spraying  booth. 
The  Bonderizing  produces  a  grey  crystalline  phosphate  coating 
on  steel  and  a  lighter,  almost  transparent  grey  film  on  alumi¬ 
num.  Widely  used  for  metal  cabinets,  machine  parts,  fluor¬ 
escent  light  fixtures  and  switch  boxes. 

BOWER-BARFF  FINISH — Corrosion-resistant  finish  for  steel, 
produced  by  heating  the  pieces  in  a  closed  retort  to  1,600  F, 
then  alternately  injecting  superheated  steam  and  carbon  mon¬ 
oxide  to  reduce  the  oxides  formed  on  the  surface  to  Fe^O^. 


CADMIUM — Applied  mainly  to  iron  and  steel,  to  copper  and 
copper  alloys,  and  to  a  smaller  extent  to  aluminum  alloys  and 
zinc  alloys.  Electrodeposition  from  cyanide  solutions  is  used 
almost  exclusively.  Deposition  by  immersion,  metal  spraying, 
and  hot-dipping  much  less  common.  Copper  wire  has  been 
hot-dipped  in  unalloyed  cadmium.  High  chemical  resistance 
to  alkalies,  to  wet  spray  and  immersion  in  sea  water.  Very 
slow  formation  of  white  corrosion  products  and  tarnish  films 
which  interfere  with  moving  parts  and  with  surface  conduc¬ 
tivity  for  both  ordinary  and  radio  frequency  currents;  easy 
to  solder  with  noncorrosive  fluxes;  no  gouging  and  seizure 
of  moving  parts.  If  cadmium  or  cadmium  plate  is  enclosed 
without  air  circulation  with  certain  paints  and  'certain  impreg¬ 
nated  fabrics  or  papers  used  for  electrical  insulation,  very 
bulky  white  corrosion  products  may  be  formed  through  to  the 
underlying  base  metal.  High  temperature  and  high  humidit^ 
accelerate  the  attack. 


CERAMIC  COATINGS,  HIGH-TEMPERATURE— Still  rela 
tively  new.  Crystalline  porcelains  developed  at  National 
Bureau  of  Standards  have  high  dielectric  and  mechanical 
strength  up  to  2,000  F,  using  such  materials  as  alumina, 
beryllia,  zirconia,  thoria  and  minor  amounts  of  other  metallic 
oxides  but  no  silica.  Typical  composition  is  84%  beryllia 
and  8%  zirconia;  another  is  80%  zirconia,  10%  beryllia  and 
10%  magnesia.  All  have  high  thermal  shock  resistance 
and  are  good  for  electrical  insulators,  radar  transformer^ 
and  spark  plugs. 


CHLORINATED  RUBBETR — Hard,  brittle,  poor  adhesion  t<> 
metals  and  not  resilient  unless  combined  with  plasticizers  or 
modifying  resins.  Excellent  chemical  resistance.  Good  elec 
trical  characteristics  below  120  C  in  air. 


CHROMIUM — Applied  by  electroplating  over  a  base  coating 
of  nickel  or  nickel-copper,  or  by  cementation  involving  rota¬ 
tion  of  object  in  chromium  powder  during  heating.  Extremelv 
hard,  abrasion-resistant  surface  finish  that  will  take  and  hold 
a  high  polish.  Chromium  coatings  for  corrosive  industrial 
service  require  a  thickness  of  not  less  than  75  microns.  In 
electrodepositing  thick  chromium,  the  metal  deposits  over  the 
cracks  formed  in  the  initial  layer.  While  add^ional  cracks 
continue  to  form,  they  and  other  conditions  of  deposition  as 
well  as  the  condition  of  the  basis  metal  surface  affect  the  poros¬ 
ity.  Proper  preparation  of  the  original  surface  to  eliminate 
pits  and  flaws  is  essential. 


CHROMIZING — A  process  in  which  an  alloy  of  chromium 
and  iron  is  formed  on  the  surface  of  steel  parts  by  diffusion. 
The  material  to  be  treated  is  packed  in  a  closed  container 
with  chromium  powder  and  alumina  and  then  heated  to  a 
temperature  between  1,300  and  1,400  C  in  an  atmosphere  of 
hydrogen.  The  chromium  content  of  the  diffused  layer  is  said 
to  vary  between  10  and  20%.  The  corrosion  resistance  of 
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(continued) 


SLUSF ING  COMPOUNDS — Nondrying  organic  coatings  used 
for  te.';.porary  corrosion  protection  as  in  intervals  between 
stages  of  manufacture,  assembly,  shipment  and  use.  Readily 
removed  with  available  solvents.  Usually  consist  of  a  petro¬ 
leum  derivative  base  containing  additives  that  improve  cor¬ 
rosion  protection.  Viscosity  ranges  from  thin  oil  to  semi¬ 
solids  harder  than  heavy  axle  grease.  May  also  serve  as  lubri¬ 
cants,  as  for  protecting  gears  and  bearings  of  radar  antenna 
structures  exposed  to  weather.  Oil  types  of  slushing  com¬ 
pounds  are  not  reliable  rust-preventers  except  for  short-term 
indoor  use.  Purpose  of  slush  is  to  adsorb  more  strongly  on 
metal  surface  than  does  water,  forming  layer  through  which 
water  has  difficulty  in  diffusing  and  which  it  cannot  displace. 
Essential  to  clean  parts  thoroughly  before  application.  In 
addition  to  applying  by  slushing  or  dipping,  protection  can  be 
by  spraying  or  fogging,  brushing,  flow  coating,  tumbling  with 
inert  material  soaked  in  the  compound,  and  swabbing  with 
compound-soaked  cloth. 


SPRAYED  METAL — Applied  by  feeding  the  desired  pro¬ 
tective  metal  in  wire  form  through  a  special  spray  gun  that 
melts  and  atomizes  as  it  sprays.  Roughening,  generally  by 
sandblasting,  is  required  for  adhesion  of  deposited  metal 
to  a  surface.  Useful  for  repairing  coatings,  for  building  up 
worn  parts,  and  for  applying  copper  coatings  to  carbon 
brushes  and  resistors. 


TIN— Greatest  use  is  in  coating  steel  sheets  to  make  tin  plate 
in  which  the  corrosion  resistance,  easy  solderability,  and  sani¬ 
tary  appearance  of  the  thin  protective  surface  of  tin  is  useful. 
Tin  coatings  applied  also  to  wire  for  ease  in  soldering  and  for 
protection  when  a  sulfur- bearing  rubber  insulation  is  applied 
to  copper.  Cast  or  fabricated  iron  and  steel  objects  can  also 
be  tinned.  Tinning  by  electrocleposition  provides  better  thick¬ 
ness  control  and  distribution  than  is  possible  by  hot  dipping. 
Coating  thickness  may  be  only  0.015  .mil,  the  practical  mini¬ 
mum  for  good  solderability.  As  electrodeposited.  the  tin 
coating  has  a  matte  finish  and  no  alloy  layer.  Heating  the  strip 
momentarily  fuses  the  tin  coating  so  that  a  bright  reflective 
surface  and  a  very  slight  alloy  layer  are  formed.  Electronic 
heating  often  used.  A  tin-alloy  coating  on  most  base  metals 
can  be  readily  obtained  by  deposition  of  tin  from  volatilized 
stannous  chloride  in  a  hydrogen  atmosphere.  Tin-sprayed  coat¬ 
ings  are  frequently  applied  to  equipment  that  cannot  be  readily- 
tinned  by  other  means,  or  for  repair  of  equipment  that  cannot 
be  economically  dismantled  for  retinning.  Tin  loses  its  pro¬ 
tective  properties  as  soon  as  the  iron  or  steel  is  exposed  by 
scratches,  because  tin  is  electropositive  to  iron. 


TIN-ZINC  COATING — Protects  steel  from  rusting.  Most 
successful  with  50  to  80%  tin,  balance  zinc.  Used  on  steel 
chassis  units  for  radio  sets  and  electronic  equipment  and  on 
steel  housings  for  electrical  equipment.  Can  also  serve  as 
foundation  for  nickel-chromium  plating  not  intended  for  high- 
temperature  service. 


increasing  heat  transfer,  providing  a  surface  finish  and  bond¬ 
ing  layers  of  laminated  materials.  Six  major  types  of  insu¬ 
lating  varnishes  are:  (1)  Clear  Baking  Varnish,  used  for  arma¬ 
tures,  field  coils,  transformers  and  instruments;  (2)  Black 
Baking  Varnish,  similarly  used  when  greater  resistance  to 
moisture,  acids  and  alkalies  is  required  along  with  higher 
dielectric  strength;  (3)  Clear  or  Black  Air  Drying  Varnish,  for 
applications  where  baking  is  not  feasible;  (4)  Clear  or  Black 
Finishing  Varnish,  used  over  baking  varnishes  to  improve 
appearance,  give  a  harder  surface,  and  protect  against  oil, 
moisture,  dirt  and  metal  dust;  (5)  Sticking  Varnish,  for 
cementing  cloth,  paper,  mica,  etc;  (6)  Core  Plate  Varnish, 
for  insulating  laminations  of  transformers  and  armatures.  Oil 
varnishes  are  usually  applied  by  hot  dipping  or  vacuum 
impregnation,  while  finishing  varnishes  are  applied  by  brush 
or  spray. 

VINYL-TYPE  COATING  (Acraclad)--Newly  developed  line 
of  synthetic  finishes  that  can  be  apolied  to  all  ferrous  and 
nonferrous  metals  without  pretreatments  or  primer  coats. 
Dries  in  2  to  20  minutes  at  250  to  350  F.  Solid  content 
can  be  up  to  40%,  providing  stabilized  coating  with  good  hid¬ 
ing  power.  Odorless,  tasteless,  nontoxic;  available  in  all 
standard  colors  as  well  as  water-clear  and  transparent  shades, 
varying  from  flat  and  satin  finishes  to  high  glosses.  Average 
coverage  is  400  sq  ft  per  gallon.  Successfully  used  also  on 
molded  phenolic  plastics  such  as  radio  cabinets.  Can  be 
applied  by  all  conventional  methods,  including  brushing, 
dipping,  spraying,  flushing  or  flow  coating,  and  roller  coating. 
Drying  is  by  evaporation  of  volatile  solvents,  but  heat  from 
convection  or  infrared  ovens  required  to  complete  the  curing 
cycle  and  fuse  the  coating  to  the  metal  or  plastic  surface.  Sur¬ 
face  must  be  carefully  cleaned  and  degreased  to  get  good 
adhesion. 


VITREOUS  ENAMELS — Made  by  melting  together  such 
materials  as  feldspar,  borax,  quartz,  soda  ash,  fluorides,  color 
oxides,  and  opacifiers  to  form  a  moulten  glass.  This  is  poured 
into  a  stream  of  water  which  shatters  it  to  broken  glass  or 
frit.  The  frit  is  ball-milled  either  wet  or  dry  and  applied  to 
the  prepared  metal  shape  by  dipping,  spraying,  or  dusting. 
Heating  in  a  furnace  at  about  850  C  melts  the  coating  into 
a  continuous  layer  of  glass. 


ZINC — Commonest  protective  coating  for  protection  of  steel 
and  structural  iron.  Protects  by  electrochemical  action  when 
steel  is  exposed  at  cut  edges.  Earliest  method,  the  hot-dip 
process,  is  still  very  widely  used;  for  galvanizing  wire  modifica¬ 
tions  known  as  the  Crapo  process  and  the  Herman  or  Galvan- 
nealed  process  are  used.  Also  electroplated  and  spraved  or 
in  molten  form.  In  the  tropics,  corrosion  of  zinc  coatings  is 
rapid,  resulting  in  white  coating  of  basic  zinc  carbonate.  In- 
hibitive  cfiromate  films  retard  this  action.  The  newer  cemen¬ 
tation  or  sherardizing  process  involves  heating  and  slowly 
rotating  the  articles  for  several  hours  in  a  container  packed 
with  zinc  dust. 


UREA  RESINS — Usually  applied  from  alcohol  solution 
thinned  with  aromatic  hydrocarbons.  When  baked,  a  hard 
insoluble  film  is  formed.  The  cured  film  is  quite  brittle. 
Alkyd  resins  are  usually  blended  to  impart  some  flexibility. 


ULTRASONIC  TINNING  OF  ALUMINUM— Method  of  re¬ 
moving  oxide  layer  from  aluminum  and  replacing  it  with  a 
tin  coating  that  alloys  with  the  aluminum  surface,  by  vibrating 
the  aluminum  sheet  with  ultrasonic  waves  as  it  is  dipped 
into  the  molten  tin  bath. 


VARNISH — A  clear  solution  of  drying  oil  and  natural  or 
synthetic  resin.  Drying  takes  place  either  by  oxidation  of 
the  oils,  evaporation  of  the  solvent,  or  polymerization  of  the 
resin  and  oil.  Classified  as  air  drying  or  baking,  depending 
on  the  method  of  drying.  Used  chiefly  for  protection  of  fabric, 
paper  wood  and  other  fibrous  instilation  against  mechanical 
damage  and  moisture,  and  for  improving  insulating  properties. 


ZINC-BASE  FINISH — Object  is  first  zinc-plated  convention¬ 
ally,  then  placed  in  chromate-type  bath  to  produce  electrolytic 
formation  of  a  zinc  conversion  coating.  Resulting  finish  is 
highly  corrosion-resistant  and  has  a  bright  metallic  appear¬ 
ance  somewhat  like  chromium  plating. 


ZINC  CHLORIDE — Standard  water-soluble  wood  preservative; 
odorless,  clean,  low  in  cost,  and  fire-retardent.  Surface  can 
be  painted  after  treatment,  but  preservative  action  does  not 
last  as  long  as  with  creosote. 


ZINC  META-.4RSENITE — Odorless,  colorless  powder  used  as 
wood  preservative.  Applied  at  ordinary  temperatures  by  pres¬ 
sure  treatment.  Treated  wood  is  no**conductor  of  electricity, 
highly  toxic  to  insects,  noncorrosive  to  iron  and  steel,  and 
can  be  painted  or  varnished.  Does  not  affect  tensile  strength 
of  wood.  Very  low  solubility  in  water. 
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Coatings  for  the  industry 


as  ail  irjsulating  and  protective  finish,  and  is  marketed  as 
flakes,  buttons  and  cakes;  it  is  a  purified  resin  made  from  lac, 
which  consists  of  excretions  from  certain  insects. 


NATURAL  RUBBER — Used  as  sheets  cemented  to  metal  to 
provide  resistance  to  abrasion,  acids,  alkalies,  salt  spray,  water, 
and  many  other  chemicals,  and  serve  as  electrical  insulation. 
Drawbacks  are  poor  oil  resistance,  brittleness  at  low  temper¬ 
atures,  and  lack  of  resistance  to  aromatic  and  chlorinated 
hydrocarbons.  Rubber  latex  itself  can  be  compounded  with 
water  dispersions  of  carbon  black,  fillers,  and  accelerators 
to  give  coating  compositions  that  can  be  applied  as  films  and 
vulcanized  in  place  with  heat. 


NICKEL — Used  for  protection  from  corrosion  and  to  present 
a  bright  and  pleasing  appearance  in  all  kinds  of  atmospheres, 
outdoors  and  indoors.  Nickel  coatings  on  brass  articles  prevent 
seasonal  cracking.  Decorative  coatings  are  applied  by  elec¬ 
trodeposition.  Usually  parts  are  plated  after  fabrication,  but 
the  use  of  preplated  strip  is  increasing  sharply  because  of 
lower  finishing  costs  and  greater  uniformity  of  coating.  Qual¬ 
ity,  cleanbness,  and  smoothness  of  the  metal  surface  influence 
porosity  but  become  less  important  as  thickness  of  deposit  is 
increased.  Zinc  or  cadmium  coating  under  nickel  may  cause 
white  stains  and  blistering  without  increasing  the  protective 
value.  Coating  thickness  of  30  microns  of  nickel  on  steel  is 
about  equivalent  to  one  of  25  microns  on  zinc  alloys  or  10 
microns  on  brass.  Sprayed  coatings  of  nickel  can  be  applied 
but  for  corrosive  applications  they  must  be  made  relatively 
thick,  with  minimum  thickness  of  0.8  mm.  Extremely  thin 
coatings  of  nickel  alloyed  with  the  base  metal  or  with  super¬ 
imposed  layers  of  other  metals  by  diffusion  have  been  pro¬ 
duced.  Nickel-zinc  diffused  coatings  show  amazing  resistance 
to  the  standard  salt  spray. 


NICKEL-CLAD  STEEL — Steel  with  a  pore-free  layer  of 
wrought  nickel  which  is  bonded  metallurgically  and  cannot 
separate  as  a  result  of  thermal  or  mechanical  treatment.  It  is 
available  in  large  and  thick  plates.  Used  where  the  chemical 
and  mechanical  properties  of  nickel  are  required  at  a  lower 
cost  than  that  of  solid  wrought  nickel.  Standard  claddings  of 
5,  10,  15,  and  20%,  on  one  or  both  sides,  are  available. 


OXIDES — Black  coatings  are  obtained  on  steel  by  treatment 
in  strong  alkali  solutions  containing  an  oxidizing  agent  at 
temperatures  of  about  140  to  150  C.  For  producing  the  coat¬ 
ing  on  steel,  caustic  soda  is  usually  employed  in  conjunction 
with  such  oxidizing  agents  as  sodium  nitrite,  nitrate,  or  chlor¬ 
ate.  Other  methods,  such  as  quenching  in  oil,  are  employed 
for  producing  oxide  coatings  on  ferrous  articles.  Little 
dimensional  change  in  articles  results  from  the  oxide  coating, 
and  it  can  be  used  on  precision  parts  requiring  close,  toler¬ 
ances.  A  black  finish  is  produced  on  copper  and  brass  by 
direct  oxidation  at  low  temperatures.  The  coating  after 
oiling  exhibits  good  corrosion  resistance  by  salt-spray  test 
and  can  be  used  fur  increasing  the  adhesion  of  applied  paint 
films. 


PAINT — Originally  a  mixture  of  pigments  usually  in  organic 
oxides,  with  a  drying  oil  such  as  linseed  oil;  now  considered 
as  any  combination  of  pigment  and  vehicle  that  can  be  brushed 
and  air-dries  to  a  tough  adherent  coating. 


PARCO  LUBRIZING — A  chemical  treatment  for  producing  a 
phosphate  coating  on  iron  and  steel  surfaces  to  prevent  wear. 
The  thoroughly  cleaned  articles  are  dunked  for  about  15 
minutes  in  a  solution  of  Parco  Lubrite  held  at  near  boiling. 
The  coating  thereby  produced  absorbs  and  retains  oil  on  bear¬ 
ing  surfaces,  permitting  rapid  break-in  of  wearing  parts  and 
retarding  subsequent  wear  and  corrosion.  Finish  is  matte 
black;  does  not  impair  elasticity  of  fine  springs  nor  alter 
magnetic  properties  of  iron  and  steel. 


PARKERIZING — Corrosion-resistant  chemical  coating  pro¬ 
duced  by  immersing  iron  or  steel  in  a  solution  of  manganese 
dihydrogen  phosphate,  then  heating  to  about  boiling  point 
until  effervescence  ceases.  Product  is  then  oiled,  producing 
surface  finish  having  appearance  of  gun  metal.  Phosphate 
coatings  such  as  this  are  used  chiefly  as  bases  for  enamels  and 
paints,  however. 


PASSIVATOR — An  inhibitor  that,  when  added  to  the  environ¬ 
ment  of  an  iron  or  alloy,  appreciably  changes  the  electro¬ 
chemical  potential  to  a  more  cathodic  value.  An  example  is 
chromate,  which  makes  iron  stay  bright  indefinitely  in  water 
if  added  to  the  water  insufficient  quantity.  It  thus  serves  in 
lieu  of  a  protective  finish. 


PEELABLE  PLASTIC — A  film-forming  resinous  compound 
carried  in  a  volatile  vehicle,  applied  to  surfaces  as  a  rust  pre¬ 
ventative  and  for  surface  protection  during  forming  operations. 
The  film  adheres  tightly  to  metals  but  can  be  stripped  from 
coated  surfaces  easily.  Used  as  a  protective  coating  and  as  a 
lubricant  in  drawing  operations  on  stainless  steel.  Can  be 
used  as  a  packaging  material  or  cocoon  when  sprayed  onto  a 
framework  of  tape  connecting  the  outermost  projections  of  the 
part. 


PETROLEUM  DRYING  OILS— Hydrocarbon  resins  from 
cracked  gases  or  from  the  polymerization  of  dienes.  Color 
very  dark,  they  polymerize  further  on  baking  to  insoluble  but 
brittle  films. 


PHENOLIC  RESINS — Adapted  to  diverse  types  of  application. 
Some  are  used  as  fortifying  resins  with  drying  oils,  others 
are  designed  for  use  directly.  Soluble  in  alcohols  and  aro¬ 
matic  solvents  and  require  baking  at  about  180  C  for  10  to  40 
minutes.  The  cured  film  resists  water,  acids,  alkalies.  Baked 
films  are  usually  dark,  and  become  increasingly  brittle  as  cure 
is  completed  so  thin  films  must  be  employed. 


PHOSPHATES — Coatings  on  metals  resulting  from  chemical 
reaction  of  phosphoric  acid  and  metal  surface  to  form  non- 
metallic  coating.  Coating  solutions  react  chemically  with 
metal  so  that  surface  is  converted  into  crystalline  phosphate 
coating.  Paint  finishes  over  phosphate-coated  surfaces  are 
said  to  increase  durable  life  of  finish.  Phosphate  coating 
retards  under-film  corrosion  and  spread  of  corrosion  if  paint 
film  is  scratched.  Nuts,  bolts,  screws  and  such  parts  are  often 
phosphate  coated  and  finished  with  oil  for  corrosion  prevention. 


PLATING  ON  PLASTICS — Initial  copper  film  is  put  on  a 
plastic  object  by  reduction  of  copper  from  a  Fehlings  solution 
with  a  metallo-organic  derivative  of  sodium  hydrosulfite. 
Intermediate  layer  of  copper  or  silver  is  applied  conventionally 
by  electroplating,  followed  by  final  layer  of  metal. 


PROTECTATIN — A  process  of  applying  a  thin,  invisible 
oxide  film  on  tinplate  to  protect  against  staining  and  rusting, 
as  well  as  to  provide  a  good  base  for  paint  on  very  thin  elec- 
trotinned  plate.  The  tinplate  is  simply  dipped  for  about  20 
seconds  in  a  hot  alkaline  phosphate  dichromate  solution  con¬ 
taining  a  suitable  wetting  or  penetrating  agent. 


SHERARDIZING — A  method  of  applying  a  thin  zinc  coating 
to  metal  parts,  involving  tumbling  the  parts  in  a  mixture  of 
zinc  dust  at  a  temperature  of  about  800  F.  The  zinc  dust  does 
not  melt,  but  rather  adheres  by  a  form  of  amalgamation  pro¬ 
cess.  Preliminary  cleaning  is  highly  essential,  either  by  sand 
blasting  or  by  pickling  in  acid  and  then  neutralizing  in  boiling 
cyanide  solution. 
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CRYSTALS . . . 


quartXf  synthetic  piezoelec^ 


r.c.  jcuTsx 

z'  jil  z  Se-3 


Quarts  oscillator  and  filter  cuts  showinq  their  angular  relation¬ 
ship  with  respect  to  the  X  (electrical),  the  Y  ^mechanical),  and 
the  Z  (optical)  axes  of  a  mother  crystal 
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fundamental 


FUNDAMENTAL 


Comparison  of  temperature  coeff’cients  for  ethylene  diamine 
tartrate  cmd  quartz  crystals.  The  graph  shows  the  charac¬ 
teristic  for  one  of  the  useful  cuts  at  EDT.  Other  quartz  cuts 
are  superior  in  temperature  coefficient  but  con  not  be  compared 
for  low-frequency  use  ^ 


TEMPERATURE  IN  DEGREES  CENTIGRADE 


(Constants  of  Some 


Length 

Breadth 

Thickness 

Fundamental 

B 

Cut 

(1) 

(b) 

(e) 

frequency 

nun 

1  mm 

mm 

he  (see 

ohms 

X-l>ar 

X-bar 

X-bar  79 . 5  deg 
X-bar  18.5  deg 
X-bar  0.9  deg 
X-bar— 18  deg 
X-bar— 42.6  deg 
X-plate 
X-plaie 
X-plate 
.  X-plate 
Y-plate 
BT 
AT 


62. 2« 
30. 7« 
24.03 
20.0 
19.97 
20.02 
20.0 
16.40* 


7.5 
4.1 

2.5 
2.5 
2.99 
2.95 
2.95 

15.64* 


Disk,  diam  48.5  mm 
Disk,  diam  9.43  mm 
Disk,  diam  25.0  mm 
Disk,  diam  25.0  mm 
Disk,  diam  25 . 0  mm 
Disk,  diam  25.0  mm 


472 

2,100 

389 

400 

4,980 

4.6 

1,500 

12.7 

1,500 

8.4 

1,.500 

35.0 

1,500 

24.2 

(A)  Frem  ■  paper  bj  J.  P.  CrUbi  and  E.  S.  PAnaall,  Ball  TeUpheaa  Laba.,  praiaatad  at  an  AIEE  mealing. 

(B)  Abridind  from  W.  C.  Cadj,  “PiasoelectTicitj,**  MeCraw-HiU  Book  Co.,  New  York,  194A. 

<C)  Ware  constant  B  etpuh  g  for  ban  and  /o  tor  plates  when  /  is  In  kilocycles  and  1  and  a  in  millimalen. 
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trie,  silicon,  selenium  and  copper-oxide  characteristics 


» 

Frequency  constant,  ratio  of  capacitances,  and  dielectric 
constant  lor  a  45-deqree  Z-cut  di-potassium  tartrate  (DKTJ 
crystal.  It  has  a  higher  coupling  than  the  Y-cut  EDT  and  a 
frequency  Tariation  only  a  third  that  lor  the  EDT.  The  type 
will  doubtless  prore  extremely  useful  when  processing 
methods  are  perfected^ 

Some  characteristics  of  Y-cut  EDT  crystals  suitable  for  wide¬ 
band  filters  where  high  electromechanical  coupling  and  moder¬ 
ate  temperature  stability  are  required.  More  complicated 
orientations  are  necessary  to  obtain  improved  characteristics 
desired  between  those  of  the  A  and  Y  cuts  (lower  right)  ^ 

Frequency  constant,  ratio  of  capacitances,  and  dielectric 
constant  for  an  A-cut  EDT  crystal  from  which  all  elements  of 
the  equivalent  circuit  of  a  crystal  can  be  calculated.  Because 
of  Its  relatively  flat  temperature-frequency  characteristic  thim 
cut  is  useful  in  narrow-band  filters  where  low  coupling  and 
high  stability  are  required 


Typiml  Quartz  Rasonahjrs'' 


C 

(\ 

c, 

C 

1 

Q 

Wave  1 

Constant  ' 

StifTnes.s 

factor 

henrys 

mm/ 

lie 

W 

216 

0  06 

8.7 

115 

37,000 

2,710 

79.6 

137 

0.0205 

3.51 

173 

5,1.50 

2,750 

80  6 

‘i  111 

ID'S 

137 

2 , 551 

69.2 

.  - - 

77.5 

3  111 

28.2 

0.001 

1.93 

160 

10,000 

2,900 

89.0 

9.25 

0.018 

9  6 

57,000 

2,920 

90.8 

0  00725 

O.ll 

26.3 

1  190 

2,890 

1  88.5 

0.181 

0.0622 

10.2 

:  161 

2,838 

85.16 

0.0.56 

-  15.0 

:  75 

1,919 

0.391 

!  0.0288 

'  11.9 

113 

,  2,492 

65.99 

0.119 

!  0.0915 

1 

17.9 

!  189 

! 

16,500 

,  1 .657 

29  23 

(D)  StiffiiMi  factor  gO  ia  dyne*  per  iq  cm  X  lO"*® 

(E)  Cot  parallel  to  Y  axit 
IF)  Cot  parallel  to  Z  axis 

(Ct  From  a  paper  by  W.  P.  Maion.  Bell  Telephone  I.abi..  puMubed  in  the  Proc.  I. 
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RATIO  OF  CAPACITANCES 


crystals  .  .  .  silicon,  copper-oxide  and  selenium  rectifiers 


Rectification  Characteristics  of  Some  Samples  of  High-Inverse-Voltage  Silicon  Rectifiers® 

Doping  agent 

Amount 

added, 

percent 

Beryllium 

added, 

percent 

Typical  performance 

Peak  back 
voltages, 
volts 

9 

Back 
resistance 
at  15  V,  ohms 

Forward 
current 
at  1  V,  ma 

(H)  H.  C.  Torrey  and  C.  A.  Whitmer,  “Cryalal  RectlSerf,**  McGraw-HUI  Book  Co.,  1948. 

(I)  From  an  article  on  copper-oxide  and  teleninm  rectifiers  by  W.  H.  Falls,  published  by  C.  £•  Review,  Feb.  1947. 
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FLUORESCENT  COMPOUNDS .. . 

colors,  luminous  efficiencies  and  special  characteristics  that  determine 
applications  of  inorganic  compounds  used  in  screens  of  cathode-ray  tubes 


Compound 

Activator 

Chemical 

Symbol 

Fluores¬ 

cent 

Color 

Zinc  sulfide 

none 

ZnS 

pale  blue 

Zinc  sulfide 

copper 

ZnS:Cu 

yellow- 

green 

Zinc  sulfide 

.silver 

ZnS:Ag 

actinic 

blue 

Zinc  sulfide 

Zinc  cadmium 
sulfide 

manganese 

copper 

ZnS;Mn 

ZnCdS:Cu 

orange 

orange- 

yellow 

Zinc  cadmium 
sulfide 

silver 

ZnCdS;.\g 

yellow 

Cadmium 

sulfide 

Zinc  silicate 

Zinc  ortho¬ 
silicate 

Zinc  beryllium 
silicate 

copper 

manganese 

manganest' 

manganese 

CdS:Cu 

(2ZnO-Si(V 

ll,0);Mn 

(2Zn()- 

SiOj):Mn 

ZnBeSiOi:Mn 

deep  red 

green 

green 

yellow- 

green 

Cadmium 

tungstate 

none 

CdWOi 

Calcium 

manganese 

Ca\V()4;Mn 

blue 

tungstate 


Cadniiiiin 

btjrule 

Calcium 

phasphatc 


manga  nest* 


dysprosium 


!.5  10 


0.3  1 


Zinc  phosphate  manganese 


Color  and  activity  of  fluoreacenoe  of  cathode-ray  tube  screen  materials 
depend  on  oomposition,  crystallization,  and  methra  of  preparation.  This 
table  presents  the  usual  properties  of  commonly  employed  materials  as  they 
are  generally  prepared  for  this  purpose.  Values  are  representative  of  cur¬ 
rent  commercial  practice  but  not  necessarily  standa^;  they  vary  with 
operating  conditions  and  within  manufacturing  tolerances.  Not  only  are 


Note  A — Sulfides  are  the  most  important  of  materials  used  for  cathode-ray 
tube  screens.  Activity  depends  chiefly  on  impurities  in  the  base 
materials.  Addition  of  as  little  as  0.00001  percent  silver  turns  the  color 
from  ZnS  to  deep  blue;  or  addition  of  0.001  percent  copper  turns  it  green 
and  adds  mraistence;  nickel  in  small  quantities  acts  to  quench  the  response. 
Using  ZnS  and  CdS  in  various  percentages  and  activated  with  Cu  or  Ag, 
fluoreaoenses  from  red  to  blue  can  be  obtained;  mixtures  high  in  ZnS  are 
in  the  red,  those  high  in  CdS  in  the  blue;  the  ZnS  is  by  far  the  more  efficient. 


Note  B — ZnS;A^  is  twice  as  effective  for  photographic  recording  as 
televiswn  white,  which  is  the  next  h^t  matenal  in  that  respect. 
ZnS:Ag  is  equally  useful  with  all  film  emulsions  ead  over  a  wide  range  of 
writing  speeds.  It  is  a  component  of  RMA-P6  screen,  which  is  used  as  an 
alternate  to  RMA-P4.  RMA-P6,  white,  medium  persistence  (0.005  sec) 
is  composed  of  ZnS:Ag  and  ZnCdS:Ag.  ^  ZnS;Ag  is  also  a  component  of 
RMA-P7  giving  it  a  medium  persistence  in  the  blue,  the  other  constituent, 
ZnCdS:Cu,  gives  it  long  persistence  in  the  yellow;  toj^ther  these  two 
oomporenta  tend  to  integrate  or  average  out  noise  in  the  intensity  modula¬ 
tion.  ZnS:Ag  pills  Ni  as  a  quencher,  ZnS:Ag;Ni,  is  RMA-Pll  blue,  very 
short  persistence  (10  microsec)  used  for  photography  and  as  an  alternate  to 
RMA-P5,  (jaWOi;  RMA-Pll  has  the  higher  efficiency.  ZnS:Ag  is  also 
used  as  an  exciter  for  long-persistent  screens  (as  in  RMA-P7). 


Luminous  EiT. 


[  KV  6  KV  Applications  and  Remarks 

UnacUvated,  ZnS  is  relatively  inelTicient;  it 
.  is  the  basic  material  from  which  most 
screens  are  made  (Note  A) 

2  12  Oscilloscopes  for  daylight  viewing  and  pho¬ 

tography,  long  persistence  holds  transients; 
RMA-P2 

2  0.4  Short  persistence  (O.OO.'i  sec),  alternate  to 

•  zinc  orthosilicate  for  gener^  oscilloscopic 

use,  most  suitable  of  all  common  serwn 
materials  for  photographic  recording 
(Note  B) 

1.5  1.5  For  low-voltage  tubes  _ 

1.5  6  Medium  to  long  persistence,  phosphores¬ 

cent,  component  of  RMA-P7  radar  screen 
(Note  B) 

2.5  10  Short  persistence,  daylight  viewing  and 

ghotography,  component  of  RM  A-P6  (Note 
and  Note  C) 

Not  very  active  (Note  C) 

Medium  persistence  for  general  oscilloscopic 

3.5  9  work;  zinc  silicate  is  commonly  called 

calamine,  zinc  ortho«ilicate  is  commonly 
called  willemite  (Note  D) 

1.2  5  Alterna‘5  to  Zn*Si04  for  general  use, 

medium  persistence  (0.05  sec),  RM.\-P3 
used  in  early  television  tubes 

0.3  0.8  The  tungstates,  although  of  little  impor¬ 

tance  in  cathode-ray  tubes,  are  among  the 
few  materials  that  fluoresce  without  an 
activator;  manganese  activates  CdVV04;  it 
is  very  sensitive  to  ultraviolet  rays 
0.3  1  Stable  photographic  screen,  without  an 

activator  CaVV04  is  RMA-P5  used  for  ob¬ 
serving  and  photographing  transients,  blue- 
violet,  very  short  persistence  (5  microsec); 
also  used  in  intensifying  scretms  for  x-ray 
examination 

1  3  Night  viewing  navigation  indicators  short 

persistence,  not  sensitive  to  ultraviolet  rays 
and  so  used  in  airplane  cockpits 
0,4  1.5  Long  persistence,  not  sensitive  to  ultraviolet 

rays  and  so  used  in  cockpits  where  other 
instruments  are  illuminate  by  ultraviolet 
light  light  shining  on  their  fluorescent  dials 
. . ,  , . .  Sometimes  used  as  special  purpose  per¬ 

sistent  screen  in  tubes  for  cardiographs 

these  materials  sensitive  to  cathode  rays,  they  also  fluoresce  under  other 
irradiation.  In  general  the  efficiency  of  conversion  to  visible  light  is  from 
1  to  5  percent  under  x-rays.  5  to  10  under  cathode  rays,  below  70  under 
ultiavioleU  and  about  80  under  alpha  particles.  Sensitivity  to  ultraviolet 
varies  oonsider^ly;  those  materials  that  are  relatively  insensitive  to  ultra¬ 
violet  are  used  in  tubes  grouped  with  other  instruments. 


Note  C — A|ao  ZnS;Ag  &  CMSrAg,  bright  yellow,  used  for  radar  in  daylight 
without  a  filter,  with  a  tricolor  red  filter  at  night;  mixture  and 
compound  not  clearly  distinguished  in  literature.  Zinc-<^mium  sulfides 
activated  with  Cju  and  Ag  are  used  as  a  double-layer  screen  having  a  blue 
and  a  yellow  emission  when  excited  by  cathode  rays;  it  is  known  as  AK 
screen  in  England,  and  used  for  moderately  long  persistence  displays  in 
navigational  equipment,  compare  RMA-P7  (Note  B).  ZnCdS:(ju  has  an 
orange  afterglow;  it  is  used  for  night  viewing,  but  not  in  cockpits. 

Note  D — Zinc  silicate  and  orthosilicate  are  not  clearly  distinguished  in  the 
literature,  both  apparently  being  calira  willemite.  Zinc 
ortJhosUicate  activated  with  mai^nese  is  iis^  for  daylight  viewing,  and 
Mng  insensitive  to  ultraviolet  light,  is  used  in  cockpits  as  are  also  most 
silicates  and  phosphates;  it  has  high  efiiciency  at  low  voltage  and  so  is  used 
in  low-voltage  tubes,  as  is  the  cubic  form  of  ZnCdS.  Silicates  are  less  apt 
to  bum  under  elytron  bombardment  than  sulfides.  Zinc  orthosilicate 
(RMA-Pl)  green  is  most  commonly  used  for  oscillosoopes  because  it  com¬ 
bines  high  light  outout.  stability,  and  ease  of  maintaining  uniform  quality 
in  manufacture.  Without  an  activator  it  fluoresces  blue,  or  red  if  heat 
quenched  in  processing.  Persistence  can  be  increased  by  adding  about  0.4 
percent  arsenic  oxide  with  3  percent  Mn  activator.  IJthium  chloride 
quenches  its  response.  Be  as  an  activator  produces  yellow  to  green 
depending  on  ratio  of  Be  to  Mn  and  firing  temperature;  high  -Mn,  Be,  and 
temperature  shift  fluorescence  into  orange. 


white  0.4  1 . 
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INSULATING  COMPOUNDS . . . 


• 

Dielectric 
Conatant 
at  1  me 

lx)s.s  Tangent 
at  1  me  at  10  me 

c 

at  100  me 

Den.sity 
at  25  C 

Tempera¬ 
ture, 
Soft,  C 
or  Pom- 
Point 

Appearance 

Composition 

Cable  Oil  5314 

2.3 

0.001 

0,002 

0.006 

0.89^ 

-40  P.P. 

• 

Very  pale 
amber,  clear 

0.0001 

0.0001 

0  0001 

0  9559 

\N  ater  white 

Fractol  A 

2.2 

0.0001 

0.0004 

0.8 

<-15P.t>. 

Colorless, 

clear 

transparent 

Mixed  petroleum 
hydrocarlions 

Halowax  Oil  1000 

4.8 

0.0002 

0.00025 

0.011 

1.19 

Water  white  Chlorinated  napatha- 
lene,  25%  chlorine 

Pyranol  1476 

4.0 

0.21 

0.06 

1.5^ 

10  P.P. 

Clear,  straw 
yellow 

Pentachlorodipbenyl 
and  trichlorobenzene 

OS 

0.0002 

0.0003 

0.0012 

0.88^ 

-40  P.P. 

Very  pale 
amber,  clear 

Shellac 

Dewaxed  Garnel 

3.4 

0.028 

0.032 

0.032 

1.2 

75 

Dark  garnet 
flakes 

Natural  shellac,  wax 
free 

Garnet,  Cl* 

3.5 

0.03 

0.034 

0.034 

12 

82 

Same,  thick 
flakes 

Natural  sfiellac,  2% 
natural  wax 

XL  (natural) 

3.5 

0.031 

0.035 

0.031 

12 

80 

Light  orange 
flakes 

Natmal  shellac,  3.5% 
natural  wax 

Zinfo,  3164 

H  ^ 

1  ^ 

80 

Dark  orange  Natural  shellac,  3.5% 
in  thin  flakes  natural  wax 

Ethyl  Polychlorobenzene 

4.1 

0.00095 

0.006 

0.06 

1  .52^ 

<  '.olorless 

Ethyl  tetrachloroben- 
zene  and  ethyl  penta- 
chlorobenzene 

I’riinol  1) 

2  16 

0.00025 

0.00026 

0.00032 

0.89^ 

<15  P.P. 

Colorless, 

clear 

Mi.xed  petroleum 
hydrocarbons 

Bayol  16 

2  15 

0.00012 

0.0002 

0.0004 

0.85^ 

0  P.P. 

Colorless, 

clear 

Mixed  petroleum 
hydrocarbons 

Mycalex  K  10 

10.6 

0.0038 

0.003 

2.97'< 

100 

Cream, 

opaque 

Mica,  glass,  titanium 
dioxide 

Gilsonile 

2.6 

0.0015 

0.0012 

0.0011 

1  01 

Melting 
point 
155  C 

Black, 

brittle 

Asphalt 

Ignition  Sealing 
Compound  4 

2  8 

0.0003 

0.0005 

0.0023 

0  99 

Colorless 

grease 

Micalex  1361 

TO 

0.(M)2I 

0  002 

0 . 0022 

2.95 

— 

Gray, 

smootfi 

surface 

Ground  mica  and 
soft  glass 

Vfrican  Mahogany 

90%  humidity 

0%  humidity 

3.0 

1.7 

0.04 

0.024 

0.038 

0.039 

0.043 

0.04 

0.668  (air 
dried) 

Moilulus 
Elasticitv 
1.. 55X10* 

Balsa  Wood 

1.4 

0.012 

0.0138 

0.0138 

0.16  (air 
dried) 

Water,  Distilled 

0.023 

0.0021 

0.0048 

Ice,  —  12C 

4.1 

O.l 

0.01 

0.0039 

Sea  Water  (Lab.  syn.) 

78. 

200 

30 

1.0 

2.285%  sodium 
chloride 

Sulfur 

3.  4 

0.0002 

0.0002 

0  <MM)  1 

M-18 
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dielectric  and  physical  properties  of  some  liquid  and  solid  materials 


Moisture 
Absorption 
at  27C 
percent 

Flamma¬ 
bility  or 
Fire 
Point 

C 

Chemical  Resistance  to: 
Acids  Alkalies  Water 

Oxygen 

Eilectrical 

Strength 

Toxicity 

Flash 
Point,  C 

Remarks 

185 

155 

Filler  for  dielectric 
cables 

<0.1 

Flam,  low 

Dilute, 

good 

Fair 

Excellent 

fiixcellent 

Keep  from 
eyes 

330 

Waterproof  ceram¬ 
ic  tmd  glass,  dielec¬ 
tric  material 

Slight 

210 

Excellent 

Excellent 

Excellent 

Excellent 

3(H) 

Tox.  Nil 

182 

High-frequency 
hi^-temperature 
liquid  insulator 

170 

Avoid 

continuous 

contact 

Petroleum  additive, 
index  of  refraction 
standard 

Flam. 

<200 

F.  P.  210 

Slight 

Capacitor,  trans¬ 
former  oil 

135 

T ransformer  oil 

Dilute. 

good 

Poor,  un- 
les.s  baked 

G«K)d 

after 

baking 

Good 

Special  uses 

IjOw  after  baking  Very  slow 

Dilute, 

good 

Poor,  un¬ 
less  baked 

Good 

after 

baking 

Good 

Used  where  dark 
color  not  objection¬ 
able 

1.5%,  50%  hu¬ 
midity  1.8%, 
100%  hum.  Low 
after  baking 

Very  slow 

Dilute, 

good 

Poor,  un¬ 
less  baked 

Good 

after 

baking 

Good 

High  grade  for  elec¬ 
trical  u-se.  Ciood 
color 

1.5%,  .50%  hu¬ 
midity  1.8%, 
I0t)%  humidity. 
I/>w  after  baking 

Very  slow 

Dilute. 

good 

Poor,  tin- 
less  baked 

Good 

after 

baking 

Good 

Used  where  ilark 
color  not  objection¬ 
able 

No  F.  P 
In  270r. 

t  ■<M>d 

See  Note'* 

Gofwl 

.\.void 

(xintact 

and 

Transformer  and 
capacitor  dielectric, 
heat-transfer  fluid 

vaixira 

Slight 

F  >200 

Kxc**llent 

^Acellenl 

F^xcellent 

Ex»-ellent 

3IH) 

Nil 

<-15 

1 1  igh-f requency , 
high-temperature 
liquid  insulator 

Slight 

F  >200 

Kxi-ellenI 

Excellent 

Extellent 

Fixcellent 

3(H) 

Nil 

1  ligh-frequency, 
hi^-temperature 
liquid  insulator 

0.5 

Poor 

Good 

Capacitor  dielectric 

Softener,  diluent 
for  rubber 

Burns 

Excellent 

.5(H)-0.01 
in.  gap 

Moisture  seal  igni¬ 
tion  cable  j  unctions, 
radio,  radar  con¬ 
nectors 

0.003 

360-0.2 
in.  thick 

High-tempvature 

insulator 

*  Approxiiiiately  15C. 

*  Six  hours  boiling  with  water  yieUa  0.005%  chlorides. 
c  Loss  Taucent  —  Loss  Factor/ Dielectric  Constant. 

Abridged  from  Tables  of  Dielectric  Materials,  ReporU  V  and  VIII.  Laboratory  for  Insulation  Research,  MIT,  NDRC  Contract  OE.Mar<19l. 
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for  laminated,  solid  and  powdered  metal  cores  and  for  permanent  magnets 


Coercive 
Force  He 
oersteds 

Elec¬ 
trical 
Resis¬ 
tivity 
ftohm  cm 

Core  Ivoss 
29  gage 
60~ 
10,000 
vxdlsflh 

Density 
Ib/cu  in. 

1.  Commonly  called  electrical  steels.  Values  are  for  29  gage  sheets  (0.014 

inch  thick).  For  coiled  strip,  values  of  Armature  and  Ellectrical  grades  are 
appreciably  higher  than  those  given  here.  Armature  and  Electrical  nades 
are  slightly  a^in^.  In  ^neral,  increasing  silicon  content  makes  sheets  harder 
and  suffer  while  improving  magnetic  properties  and  reducing  core  loss.  First 
four  grades  are  used  chiefly  for  core  laminations  of  motors,  generators,  reactors, 
power  transformers,  and"  other  power-frequency  applications.  Transformer 
grades  are  used  for  audio  transformers  as  well  as  small  power  transformers 
and  higher-quality  motors.  Special  thin  transformer  sheet  steels,  down  to 
0.001  inch  thick,  are  available  for  higher-frequency  applications  up  to  2  me 
and  higher.  * 

2.  Values  are  for  29  gage,* measured  in  direction  of  rolling.  With  flux  trans¬ 
verse  to  rolling  direction,  core  loss  goes  up  to  about  0.6.  Used  for  rolled 
steel  cores,  with  butt  joints  so  flux  always  travels  in  rolling  direction.  Typical 
trade  names  are  Hipersil  and  Corosil. 

3.  Available  in  bars,  rods,  wire,  and  in  some  cases  sheets.  Used  chiefly  for 
relay  cores,  principally  in  d-c  applications. 

0.495-0.64 

13-19 

1.30 

CO 

d 

0.4.5-0.62 

25-28 

1.17 

0.28 

0.375-0.55 

35-45 

1.01 

0.28 

0.35-0.51 

41-56 

0.82 

0.275 

0.33-0.12 

46-60 

0.72 

0.27 

1 

0.31 

— 

0.65 

0.27 

0.16-0.24 

58 

0.58 

0.27 

4.  Thermomagnetic  (permeability  decreases  as  temperature  increases)  in 
usable  temperature  range  to  serve  as  temperature-compensating  magnetic 
shunt  for  permanent  magnets,  airplane  tachometers,  and  watthour  meters. 
With  32.5  Ni  content  its  chief  use  is  as  temperature  compensation  for  electro¬ 
magnets  like  those  in  voltage  regulators  and  contactors. 

0.16-0.2 

60 

0.52 

0.27 

0.1 

45-18 

0.34-0.48 

0.268  \  2 

4.6 

30 

_ 

5.  Alloys  with  nickel  content  ranging  from  35  to  90  Ni  are  generally  called 
permalloys,  and  are  marketed  under  a  wide  variety  of  trade  names.  Charac¬ 
teristics  are  determined,  largely  by  nickel  content.  Used  chiefly  for  trans¬ 
former  laminations.  45  Permalloy  has  highest  magnetostriction  effect  among 
these  alloys,  but  must  be  laminated  to  limit  eddy  current  loss. 

6.  Alloys  with  approximately  equal  content  of  nickel  and  iron  are  available 
under  a  variety  oi  trade  names,  such  as  Hipernik,  Isoperm,  Nicaloi,  49  Alloy, 

1.0 

11 

— 

0.285 

0.65-0.95 

22-60 

— 

— 

0  6-1.0 

10 

— 

0.285 

3 

0.05 

10 

— 

0.285 

etc.  Characteristics  differ  according  to  nickel  content  and  nature  of  initi^ 
processing  and  annealing.  Isoperm,  for  instance,  is  available  in  1.7  mil  sheets 
having  initial  permeability  of  85,  with  equally  low  hysteresis  loss,  developed 
in  direction  of  rolling  after  excessively  hard  rolling,  annealing,  and  final 
moderately  hard  rolling.  Used  for  high-frequency  transformer  cores  and 
where  compact  light-weight  cores  are  needed. 

10 

9 

— 

0.32 

3.4 

8 

— 

0.32 

1 

80 

— 

— 

7.  Permalloys  with  appreciable  copper  content,  for  transformers.  At  6^70 

Ni  the  magnetic  anneal  effect  is  most  pronounced;  the  material  is  magnetized 
several  oersteds  during  anneal  at  400  to  600C,  increasing  the  maximum 
permeability  and  reducing  the  coercive  force. 

8.  Permalloys  characterized  by  high  initial  permeability,  low  hysteresis  loss’ 
and  minimum  magnetostriction  effect.  Widely  used  for  cores  of  trans¬ 
formers,  sensitive  relays,  etc. 

9.  Iron-cobalt  alloys  having  high  saturation  flux  density,  coupled  with  high 
tractive  force  at  these  densities.  Used  for  electromagnets  and  telephone 

0.3 

45-50 

— 

0.295 

0.3 

55 

— 

0.3 

0.03-0.1  ‘ 

35-52 

— 

0.3 

u 

0.014r-0.02 

55-56 

— 

0.317 

0.015-0.05 

25-60 

— 

0.31 

1’ 

0.05-0.06 

16-17 

— 

0.31 

, 

receiver  diaphragms.  Addition  of  Vanadium  permits  r^ing  to  sheets  a  few 
thousandths  of  an  inch  thick. 

0.05 

65 

— 

0.31 

1 

10.  Iron-cobalt-nickel  alloys  having  remarkably  constant  permeability  in 

0.05 

55-57 

— 

0.315 

low  magnetic  fields.  Used  for  continuous  loading  of  submarine  cables.  Note 
low  Curie  temperature. 

11.  No  ferromagnetic  element.  With  tin  instead  of  aluminum,  saturation 
values  over  8,000  have  been  attained. 

0.004 

60 

— 

0.32 

0.05-0.07 

58 

— 

0.316 

i 

) 

2 

7 

— 

0.3 

12.  Powdered  materials,  available  in  wide  range  of  particle  sizes  and  com¬ 
pressed  or  cast  to  desired  core  shape  for  loading  coils  and  high-frequency 
coils.  Density  varies  with  molding  pressure,  which  generally  ranges  from 

2 

26 

— 

0.296 

|8 

1.2-1. 1 

19 

— 

0.311 

50  to  100  tons  per  sq  in.  Permeability  value  is  controlled  largely  by  binder 
used  for  particle  insulation.  Types  of  iron  powders  available  include  pure 
iron,  electrolytic  iron,  carbonyl  iron,  hydrogen-reduced  iron,  Ferrocart, 
magnetite,  etc. 

0.62 

80 

— 

— 

^10 

0.6 

16 

— 

0.311 

1 

4-5 

— 

— 

— 

bibu(x;kai*hy 

— 

10;-45 

— 

0.2 

ju 

(1)  V.  H.  l.egg.  Survey  of  Magnetic  Materiala  and  Applicatioua  in  the  Telephone  System, 
Beil  System  Technical  Journal,  p  43S-46t,  July  1939. 

(2)  Karl  M.  Underhill,  Permanent  Magnet  Alloys,  Klbctronics,  p  122-123,  Jan.  1918. 

(3)  W.  E.  Ruder,  New  Magnetic  Materials,  Proceedings  of  the  IRE.  p  437-140,  Uct.  1912. 

(4)  R.  M.  Bo/.orth,  Magnetism,  Reviews  of  Modern  Physics,  p  29-86,  Jan.  1917. 

— 

16-40 

— 

— 

0.05 

80 

— 

— 
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MAGNETIC  MATERIALS 


Majnietic  Material 

Chemical  Composition 

Initial 

Permeability 

Maximtim 

Perm«»bility 

Satura¬ 

tion 

gauss 

Ilysteresisj 
Lpss  at 
Sat. 

erg  fern*/ 
cycle 

Residual 

Flux 

Density  B* 
(from 
10,000) 
gauss 

ELECTRICAL  STEELS: 

Armature 

0.5  Si,  99.5  Fe 

— 

5,500-5,800 

21,000 

4,500 

8,35(1-12,800 

Electrical 

1  Si,  99  Fe 

— 

5,700-6,100 

21,000 

— 

7,700-7,900 

Motor 

2.5  Si,  97.5  Fe 

— 

5,500-6,100 

20,000 

— 

6,350-7.300 

Dynamo 

3.25  Si,  96.75  Fe 

— 

5,800-6,000 

20,000 

— 

6,6.50-7,000 

Transformer  72 

4  Si,  96  Fe 

400 

6,300-6,700 

20,000 

3,500 

6,200 

Transformer  6!> 

• 

— 

7,000 

19,500 

— 

5,200 

Transformer  58 

— 

8,000-8,300 

19,500 

— 

5,0.50-5,900 

Transformer  52 

— 

9,000 

19,500 

— 

4,800-5,700 

Oriented-Grain  Steel 

3-3.3  Si.  bal.  Fe 

— 

17,.500- 10,000 

20,000 

— 

— 

SOLID  CORE  METALS: 

Cast  Iron 

2  Si,  3  C.  95  Fe 

_ 

600 

_ 

20,000 

.5,.300 

Ingot  Iron 

99.8  Fe 

— 

7,000 

22,000 

— 

13,000 

Silicon  Core  Iron 

l-4Si.  0.15Mn.  0.08C,  bal.  Fe 

— 

2,000 

20, .500 

2,.500 

1,800-2,750 

Magnetic  Iron 

99.9-99.94  Fe 

200-250 

5,000-5,500 

21,.500 

5,000 

13,000 

Hydrogen-Reduced  Iron 

99.98  Fe 

25,000 

275,000 

21,500 

300 

13,600 

Cobalt 

99  Co 

70 

240 

18,000 

2.000 

5,000 

Nickel 

99  Ni.  0.2  Cu,  0.4  Fe 

110 

'  600 

6,100 

3,000 

3.600 

MAGNETIC  ALLOYS: 

Temperature  Compensator 

29..5-32.5  Ni,  bal.  Fe 

— 

— 

4,200 

— 

3,000-3,500 

45  Permalloy 

45  Ni,  0.6  Mn,  54.4  Fe 

2,500-2,700 

23,000-25.000 

16,500 

1.200 

8,000 

Radiometal 

47  Ni,  3  Cu,  49  Fe 

2,500 

25,000 

15,600 

— 

— 

5D-50  Nickel-Iron  Alloy 

45-50  Ni,  bal.  Fe 

3,000-9,000 

40,000-150,000 

— 

6,000-8,000 

1040  Alloy 

71Ni,  15Cu,  IMn,  3Mo,  10  Fe  40,000 

100,000 

200 

2,500 

Mu  Metal 

74  Ni,  5  Cu,  1  Mn,  20  Fe 

7,000-25,000 

80,00^110,000 

8,500 

— 

2,300-6,000 

78.5  Permalloy 

78.5  Ni,  0.6  Mn,  20.9  Fe 

9,000-15,000 

100,000-105,000 

10,700 

200 

6,000-9,000 

3.8-78.5  Permalloy 

78.5Ni,  3.8Cr,  0.6Mn,  17.1  Fe 

10,000 

40,000 

8,000 

200 

4,.500 

4-79  Mo  Permalloy 

79Ni,  4Mo,  0.6Mn,  16.4  Fe 

20,000-22,000 

72,000-80,000 

8,700 

200 

5,000 

Supermalloy 

79  Ni,  5  Mo,  0.5  Mn,  15  Fe 

125,000 

800,000-1.000,000  8,000 

— 

— 

Hymu  80 

75-80  Ni,  bal.  Mo  &  Fe 

20,000 

90,000 

7,000 

— 

2,500 

Permendur 

50  Co,  50  Fe 

800 

5,000 

24,.500 

12,000 

14,000 

2V  Permendur 

49  Co,  2  V,  49  Fe 

800 

4,500 

24,500 

6,000 

14,000 

45-25  Perminvar 

45  Ni,  25  Co,  0.6  Mn,  29.4  Fe  365-400 

1,800-2,000 

15,500 

4,000 

3,300 

Mo  Perminvar 

45  Ni,  25  Co,  7.5  Mo,  bal.  Fe  550 

3,800 

10,300 

— 

— 

7-70  Perminvar 

70  Ni,  7  Co,  0.6  Mn,  22.4  Fc  8.50 

4,000 

18,000 

— 

2,400 

Heusler  Alloy 

61  Cu,  26  Mn,  13  A1 

— 

250 

5,.500 

— 

— 

MAGNETIC  POWDERS: 

Iron  Powder 

98.1-99.8  Fe 

3.1-75 

— 

— 

— 

— 

81  Permalloy  Powder 

81  Ni,  2  Mo,  17  Fe 

7.5-125 

130 

— 

— 

— 

Sendust  Powder 

9  Si,  5  Al,  85  Fe 

30,000 

120,000 

10,000 

100 

5,000 

M‘20 
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Magnet  Steels,  Cast  Magnets,  Magnetic  Alloys  and  Sintered  Magnets 


Tensile 
Strength 
(as  us(^) 

Ib/tq  in. 

Trans¬ 

verse 

Modulus 

of 

Rupture 
Ib/sq  in. 

Ilardnes-v 
(as  used) 
BR-Brinell 
(RC- 

Rwkwell) 

^A300,000 

— 

d>60-65  RC  1 

,^A300,000 

- - 

d>60-65  RC  1 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

- - 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

4,000 

13,900 

45  RC 

4,000 

13,900 

45  RC 

4,000 

13,900 

45  RC 

3,000 

7,200 

15  RC 

3,000 

7,200 

45  RC 

3,000 

7,200 

45  RC 

12.000 

22,500 

45  RC 

12,000 

22.500 

15  RC 

12,000 

22,500 

15  RC 

9,000 

24,000 

15  RC 

9,000 

24,000 

15  RC 

5,450 

10..500 

.50  RC 

•  23,000 

45,000 

56  RC 

23,000 

45,000 

56  RC 

39,.500 

50,000 

.58  RC 

10,.500 

23,000 

15  RC 

65,000 

70,000 

13  RC 

60,000 

85,000 

42  RC 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

— 

— 

60  RC 

nil 

— 

— 

Al  10,000 

— 

2;10  Rll 

— 

— 

60  RC 

200,000  (65%  Red.) - 

60  RC 

360.000  (90%  Red.) 

103.000 

__ 

210  BR 

— 

— 

— 

^8 


lleinarks 

1.  So-called  magnet  steels,  usually  cast  in  ingots  and  hot-rolled  into  bars  and 
strips.  As-rolled  hardness  (depending  upon  section,  steel,  and  treatment) 
vanes  from  approximately  ^  RC  to  approximately  55  RC  and  material  is 
ordinarily  suitable  for  hot  forming  and  punching  operations  but  not  for  cold 
forming  or  machining  operations  unless  carbide  tools  are  used.  Material  may 
be  annealed  to  25-35  Rockwell  C  in  the  case  of  cobalt  steels,  and  to  approxi- 
matdy  15  RC  in  all  other  cases.  This  will  permit  ordinary  cold  ma^ining 
operatioiu  but  the  anneal  is  detrimental  to  magnetic  properties  and  should  be 
kept  as  light  as  possible.  After  forming,  material  is  naidened  (dependii^  on 
st^l)  by  either  water  or  oil  quench  from  hardening  temperature.  Intricate 
shapes  may  be  cast. 


2.  So-caUed  cast  magnets.  Unlike  the  magnet  steels  which  are  frecpiently 
formed  and  hardened  by  the  consumer,  the  Alnicos  are  always  provided  in 
6nal  form  and  heat-treated  by  the  manufacturer.  Grinding,  which  is  the  only 
finishing  or  machining  operation  practical,  may  be  performed  by  either  con¬ 
sumer  or  manufacturer.  Cast  ot  final  shape  m  sand  molds  from  induction 
furnaces,  Alnico  is  a  hard,  weak,  and  brittle  material  but  possesses  sufficient 
strength  for  successful  use  in  almost  all  permanent  magnet  applications.  May 
be  precision  cast.  Precipitation  hardening  alloys.  Alnicos  V  and  VI  heat- 
treated  in  magnetic  field  possess  properties  indicated  only  in  direction  estalv 
lished  by  this  field. 

3.  Same  characteristics  as  cast  Alnico  except  slightly  stronger  physically. 
Material  manufactured  by  mixing  component  powders,  pressing  to  nnal  shape, 
and  sintering.  Most  applicable  to  magnets  one  ounce  or  less  in  weight. 

4.  Ordinarily  chill  cast  in  the  form  of  small  bars,  which  may  then  be  cold- 

rolled  to  strip  and  punched,  or  the  bars  may  be  machined  and  cut  to  size. 
(Material  not  hot  workable  as  of  date.)  Material  is  reasonably  malleable  and 
ductile  and  readily  machinable  both  before  and  after  its  final  heat  treatment 
(which  will  ordinarily  be  performed  by  the  manufacturer).  Intricate  shapes 
may  be  precision  cast  or  sand  cast.  Precipitation  hardened  alloy.  As  cast, 
hardness  is  180BR.  Magnets  may  also  be  sintered.  I 

5.  Sand  cast  in  form  of  amaU  bars  and  cold-drawn  or  rolled  to  wire  or  strip  I 
sizes.  Magnetic  prof^rties  depend  upon  severe  cold  reduction,  and  those 
specified  are  in  direction  ot  drawing  or  rolling  only.  Material  is  malleable, 
ductile,  and  machinable  both  before  and  after  final  beat  treatment.  Heat 
treatment  performed  by  manufacturer.  As  cast,  hardness  is  135  BR.  Material 
not  hot  workable. 

6.  Cast  in  ingot  form  and  hot^roUed  to  bars  and  strips,  which  may  then  l>e 
hot-bent,  hammered,  sheared,  punched,  or  cold-machined,  but  not  c(Jd- 
formed  or  rolled.  As  cast,  hardness  is  20-40  RC.  A  precipitation  hardening 
alloy,  it  is  heat-treated  after  forming  or  machining  operations,  after  which  it 
may  be  only  ground.  Quite  fragile  and  brittle.  Intricate  shapes  may  be  sand 
cast  and  macmined  before  heat  treatment. 

7.  Component  oxides  are  mixed,  pressed  to  final  shape,  and  sintered  in 
oxidizing  atmosphere,  after  which  material  is  beat-treated  in  a  magnetic  field. 
The  magnetic  properties  indicated  are  in  direction  of  this  field  only.  Material 
very  weak  physically  but  may  be  ground  with  proper  technique. 

8.  Cast  in  very  small  ingots,  homogenized,  and  cold  swaged  or  rolled  (prefer¬ 
ably  swaged)  to  small  bars.  Material  not  hot-workable.  Cold-working 
necessary  to  development  of  magnetic  properties,  although  material  not 
directional.  A  precipitation  hardening  alloy,  it  is  heat-treated  after  swaging. 
Ductile,  malleable,  and  machinable  mth  before  and  after  final  heat  treat¬ 
ment.  Hardness  as  cast  is  100  BR;  after  homogenizing  or  solution  treatment — 
60  BR;  after  cold  swaging — 1.50  BR. 

9.  Ordinarilv  cast  in  form  of  small  bars  and  hot-rolled  to  bars  OT  strips.  As 
cast  or  hot-rolled,  hardness  is  25-30  RC.  Material  may  be  readily  hot  ot  cold 
rolled,  formed,  or  machined.  Hardness  after  cold  rolling  is  40  RC.  Pre¬ 
cipitation  hardening  alloys.  Heat-treated  after  rolling  or  machining,  after 
wnich  material  may  only  be  ground.  Vicalloy  II  is  severely  cold  r^uced 
(usually  to  0.002  inch  tape)  before  heat  treatment,  and  the  magnetic  properties 
indicate  (which  depend  upon  this  treatment)  are  those  in  direction  of  rolling 
only. 

*  EMrectional  ma^etic  propertiea. 

X  B,  ^  flux  denaty  at  point  of  maximum  energy  product. 

/  Intrinsic  coercive  force,  Hti. 

A  Approximate  value  only,  for  comparison  purposes. 

«  Value  for  hard  outside  shell.  Softer  core  will  have  a  lower  value. 
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Magnetic,  Physical  and  Mechanical  Characteristics  of  Permanent 


Permanent  . 

Residual 

Flux 

Coercive 

Maxi¬ 

mum 

Den- 

Mean 
Coefficient 
of  Tem¬ 
perature 
Expansion 

Elec¬ 

trical 

Magnet 

Chemical  Composition 

Doisity 

Force 

Energy 

B4 

sity 

Resis- 

Alloy 

Bm 

gcuus 

He 

oersteds 

Product 

gauss 

lb/ 

eu  in. 

(20C 

-300C) 

inches/ 

inch/^C 

tivity 
at  25C 
fiohm  cm 

0.65%  Carbon  Steel 

0.65  C,  0.85  Mn,  bal.  Fe 

10,000 

42 

180,000 

6,500 

0.283 

13.3xl0-« 

18 

1%  Carbon  Steel 

1  C,  0.50  Mn,  bal.  Fe 

9,000 

51 

200,000 

5,900 

0.282 

12.4x10-* 

20 

5%  Tungsten  Steel 

5  W,  0.70  C.  bal.  Fe 

10,500 

70 

330,000 

7,000 

0.292 

13..5xl0-* 

23 

6%  Tungsten  Steel 

6  W,  0.70  C,  0.50  Mn,  0..50  Cr,  bal.  Fe 

9,500 

74 

330,000 

6,500 

0.294 

l4..5xin-< 

30 

1%  efirome  Steel 

0.90  Cr,  0.60  C,  0.45  Mn,  bal.  Fe 

9,500 

52 

2.30,000 

6,500 

0.282 

13.4x10-* 

23 

2%  Chrome  Steel 

2.15  Cr,  0.90  C,  Iml.  Fe 

9,300 

60 

260,000 

6,300 

0.282 

1.3.1xl0-« 

23 

Chrome  Steel 

3.5  Cr,  1  C.  0.50  Mn,  bal.  Fe 

9,500 

66 

290,000 

6,.500 

0.281 

12.6x10-* 

29 

6%  Chrome  Steel 

6  Cr,  1.1  C,  0.10  Mn,  bal.  Fe 

9.500 

74 

300,000 

6,200 

0.281 

12.2x10-* 

34 

9%  Cobalt  Steel 

9  Co,  0.90  C,  1.25  W,  5  Cr,  bal.  Fe 

7,800 

122 

410,000 

.5,100 

0.286 

14.0xl0-« 

30 

17%  Cobalt  Steel 

17  Co,  0.70  C,  8.25  W,  2.5  Cr,  bal.  Fe 

9,000 

170 

650,000 

5,900 

0.302 

15.9x10-* 

28 

36%  Cobalt  Steel 

36  Co,  0.80  C,  3.75  W,  5.75  Cr,  bal.  Fe 

9,600 

228 

9.30,000 

6,300 

0.296 

17.2x10-* 

27 

10%  Cobalt  Steel 

40  Co,  0.70  C,  5  W,  4.25  Cr,  bal.  Fe 

10,000 

242 

1,030.000 

6,.500 

0.2% 

17.4x10-* 

25 

\lnico  I A 

12  Al,  22.5  Ni,  5  Co,  bal.  Fe 

6,600 

5  40 

1,400,000 

1,100 

0.2  49 

12.6x10^ 

75 

Ainico  IH 

12  .Al,  21  Ni,  5  Co,  bal.  Fe 

7,100 

450 

1,400,000 

4,700 

0.249 

12.6x10-* 

75 

Alnico  !(' 

12  Al,  19.5  Ni,  5  Co,  bal.  Fe 

7,600 

100 

1,100,000 

5,200 

0.249 

12.6x10-* 

75 

Alni(»  11 A 

10  Al,  18  Ni,  12.5  Co,  6  Cu,  bal.'Fe 

7,000 

630 

1,600,000 

4,200 

0.256 

12.4xlO-< 

65 

Alnico  HR 

10  Al,  17  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

7,500 

560 

1,600,000 

4,600 

0.2.56 

12.4x10-* 

65 

Alnico  lie 

10  Al,  16  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

8,000 

425 

1,600,000 

5,.500 

0.2.56 

12.4x10-* 

65 

Alnux)  IIIA 

12  Al,  26  Ni,  bul.  Fe 

6,.500 

560 

1,3.50,000 

4,000 

0.2  49 

13.0x10-* 

63 

Alnico  IIIH 

12  Al,  25  Ni,  bal.  Fe 

7,000 

470 

1,3.50,000 

4,500 

0.2  49 

13.0xl0-< 

63 

Alnico  me 

12  Al,  21  Ni,  bal.  Fe 

7,500 

400 

1,3.50,000 

5,000 

0.2  49 

13.0x10-* 

63 

Alnico  IVA 

12  Al,  28  Ni,  5  Co,  bal.  Fe 

.5,.500 

730 

1,2.50,000 

3,100 

0.2.53 

13.1x10-^ 

75 

Alnico  IVB 

12  Al,  27  Ni,  5  tlo,  bal.  Fe 

6,000 

660 

1,300,000 

3,400 

0.253 

13.1x10  * 

75 

*Alnioo  V 

8  Al,  14  Ni,  24  Co,  3  Cu,  bal.  Fe 

12,700 

650 

5,.500,000 

10,400 

0.264 

11.3\l0-» 

47 

•Alnico  VTB 

8  Al,  15  Ni,  24  Co,  3  Cu,  1  Ti,  bal.  Fe 

10,500 

760 

3,650,000 

7,100 

0.268 

11.4x10^ 

50 

•Alnico  VIC 

8  Al,  15  Ni,  24  Co,  3  Cu,  0.5  Ti,  bul.  F'e 

11,000 

700 

4,000,000 

7,900 

0.268 

11.4x10-* 

50 

Alnico  XII 

6  Al,  18  Ni,  35  Co,  8  Ti,  bal.  Fe 

6,100 

1,000 

1,650,000 

3,200 

0.264 

11.0x10-* 

62 

Nipermag 

12  Al,  .30Ni,  0.4Ti,bal.Fe 

5,600 

660 

1,340,000 

3,400 

0.249 

13.0x10* 

66 

Sintered  Alnico  II 

10  Al,  17  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

7,200 

550 

1,500,000 

4,  UK) 

0.249 

12.4x10-* 

68 

Sintered  Alnico  IV 

12  Al.  28  Ni,  5  Co,  bal.  Fe 

5,500 

7.30 

1,2.50,000 

3,100 

0.232 

13.1x10^ 

68 

Cunico  I 

.50  Cu,  21  Ni,  29  Co 

3, 100 

710 

850,000 

2.000 

0.300 

— 

24 

Cunico  11 

35  Cu,  24  Ni.  41  Co 

5,300 

150 

990,000 

3. 100 

0.300 

— 

24 

•Cunife  I 

60  Cu,  20  Ni,  20  Fe 

5,700 

rm 

1,8.50,000 

t,2(H» 

0.311 

18 

•Cunife  II 

.50  Cu,  20  Ni,  2.5  Co.  27.5  Fe 

7,300 

260 

780,000 

t.7(M» 

0.311 

— 

18 

Remalloy ;  Comol 

12  Co,  17  Mo,  bal.  Fe 

10,000 

230 

1,100,000 

6.900 

0.295 

— 

45 

•Vectolite 

30  FejOi,  55  FciOi,  26  Co-^Oj 

1,600 

900 

500,000 

9  40 

0.113 

— 

225x10* 

Silmanal 

86.75  Ag,  8.8  Mn,  4.45  Al 

590 

6,300# 

83,000 

292 

0.325 

A20.5xl0-* 

26 

Vicalloy  I 

9.5  Va,  38.5  Fe,  52  Co 

300 

1,000,000 

5,500 

0.2% 

11.2x10-* 

60 

•Vicalloy  11 

13  Va,  35  Fe,  52  Co 

450 

3,000,000 

8.200 

0.293 

11.2x10-* 

60 

Platinum  Alloys  | 

77.8  Pt,  22.2  Fe 

76.7  Pt,  23.3  Co 

5,830 

4,500 

1,570 

2,700 

3,070,000 

4,000,000 

— 

Al0.2xl0-« 

All.4xl0-* 

42 

New  kS 

3.7  Al,  17.7  Ni,  27.2  Co,  6.7  Ti,  bal.  Fe 

785 

2,030,000 

1,300 

A0.268 

Al  1.7x10-* 

A5.5 

if 


% 
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Name 


RESISTANCE  AND  HEATER  ELEMENT  ALLOYS 
Composition,  Ap{Ht>ximate* 

Percent  Properties  and  Remarks 


Luoerno 

Chroman  Alloys 
Lucero 


68  -  65  Ni,  27  -  30  Cu, 
0  -  2.4  Fe.  2.2  -  5  Mn 
Ni-Cr  alloys 
Ni-Cu  alloy 


Calomic 

Cronits 


Calido  (Elalco), 
Cromaloy 


65  Ni.  15  Cr,  20  Fe 
63.55  Ni,  20.32  Fe, 

13.72  Cr,  1.04  Mn,  0.8  Al, 
0.43  Si 

60  -  64  Ni,  8  -  16  Cr, 
24-25Fe,  (3  -  4  Mn) 


Acid — resisting  heating  elements 

(70  Ni,  30  Cu)  springs,  electrical  resistances,  resists  h^t  to  500 _C; 
(65  Ni,  30  Cu,  5  Mn)  springs,  electrical  resistances,  resists  corrosion 

Max.  operating  temp.  1,000  C 


Grade  made  without  Mn  resists  oxidation  up  to  1,000  C,  with  4  Mn 
good  to  950  C 


Premier  C 
Placet 
Cronit 
Bario 

D-H  Nickel  A,  D,  E,  Z 


60  Ni,  24  Fe.  16  Cr 
60  Ni,  20  Fe,  15  Cr.  5  Mn 
60  Ni,  40  Cr 
57.4  Ni,  21.4  Cr,  1  Fe 
Ni  alloy 


Resistances  up  to  1,700  F 


Stainless  and  corrosion-resisting  resistors 


Nichromes 
Nichrome  I 

Nichrome  II 
Nichrome  III 
Nichrome  IV,  V 
Nichrome  Type  A 
Nichrome  S 
Wrought  Nichrome 

Cast  Nichrome 


65  Ni,  11.18  Cr,  22.36  Fe, 
0.7  Mn,  0.26  Si 

66  Ni,  22  Cr,  22  Fe 
85  Ni,  15  Cr 

80  Ni,  20  Cr 
62  Ni,  15  Cr,  23  Fe 
25  Ni,  15  Cr,  60  Fe 
62  Ni,  15  Cr,  0.12  C, 
rest  is  Fe 

60  Ni,  13  Cr,  0.7  C, 
rest  is  Fe 


Heating  elements,  resistances,  corrosion  resistant 


Max.  operating  temp.  1,100  C 
Coef.  resis.  0.(KK)187,  sp.  resis.  89.5 
Max.  operating  temp.  1,100  C 
Type  B  is  used  in  alloying  other  metals 

Coef.  exp.  in  range  0  to  20  C;  0.00017 

Coef.  exp.  in  range  20  to  500  C:  0.0000141 


Irons 

Allegheny  Ohmaloy 


Fercaloy,  Alcres 
Phenix 

Kruppin,  Vestalin 
Alchrome  6  ' 

Kanthal  A 

Tico 

Ck)met 

Dullray,  Frigida' 

Cromin  D 

Smith  No.  10, 
Alloy  No.  10 
Zorite 

D-H  No.  525  Alloy 
Alphate 


12  -  14  Cr,  4  -  4.5  Al, 

0.5  max.  Ni,  0.12  max.  C, 

rest  is  Fe 

83  Fe,  13  Cr,  4  M 

75  Fe,  25  Ni 

About  70  Fe,  28  Ni,  C 

19  -  21  Cr,  5125  -  6.5 

Al,  rest  Fe 

68.4  Fe.  23.  t  Cr,  6.2  Al, 

1.9  Co.  0.06  C 

27.5  -  30.4  Ni.  1.12  Mn, 

1.1  Cu,  rest  Fe 

65  Fe,  30  Ni,  5  Cr 

64  -  60  Fe,  33  -  35  Ni, 

3  -  5  Cr 

30  Ni,  64  Fe,  4  -  7 
Cr,  Mn,  C 

55  Fe,  37.5  Cr,  7.5  Al 


Low-temp,  heating  elements,  high  resistances 
Corrosion  resistant,  for  chemical  equipment 


Resists  sulphur 

Resists  oxidation,  brittle  when  cold,  tough  when  hot,  made  also 
in  grades  A-1  and  D  which  are  plastic  when  hot 


Max.  operating  temp.  700  C;  with  Mn  and  Cu  added  if  heavy- 
duty  rheostats  are  to  be  made  from  it 

For  temperatures  below  a  dull  red,  resistances,  coef,  exp.  in  range 
0  -  40  C:  0.0000015 

Also  known  as  Comet  (see  above)  and  No.  193  Alloy 
Max.  operating  temp.  2,400  F,  high  resistance 


35  Ni,  17  -  15  Cr,  1.75  Resists  heat  and  corrosion  up  to  1,900  F 
Mn,  0.5  C,  1  Si,  rest  Fe 

35  Ni,  16  Cr,  49  Fe  Resistors  for  high  temperatures,  heat  resistant  to  800  C,  sp. 

resis.  100 

Aluminum  coated  steel  Ellectrical  resistance  wire  resists  corrosion 


Copper  Alloys 

Radio  Alloy  Cu-Ni  and  Ni  alloys 

D-Il  30  &  90 
Ohm  Alloy 


Lohm,  D-H  Lohm 

Ohmal 

Therlo 

Lunge  Resistance, 
Resistin, 

Rheotan  No.  1-3 
Mai^ganese  Copper  A-H 

Midohm 

Copper  Nickel  30% 

Newloy 

Nickelin 


i 

L 


7  -  7.5  Ni,  rest  Cu 
87.5  Cu,  9  Mn,  3.5  Ni 
85  Cu,  13  Mn,  2  Al 
Cu,  Mn,  Fe,  Zn 


85  -  30  Cu,  8-52  Mn, 
1-10  Fe,  others 
77  -  78  Cu,  22  -  23  Ni 
70  -  67  Cu,  30  -  33  Ni 
64  Cu,  35  Ni,  1  Sn 
85  -  54  Cu.  15  -  30  Ni, 
0  -  20  Zn.  (3  Mn) 


Low  temp,  low  resis.  for  instruments  and  precision  potentiometers 
No.  30  (98  Cu,  2  Ni)  max.  working  temp.  350  C;  No.  60  (95  Cu, 
5  Ni)  similar  to  No.  30;  No.  90  (88  Cu,  12  Ni)  max.  temp.  400  C; 
No.  180  (95  Ni,  2.5  Si,  2.5  Mn)  max.  temp.  400  C,  all  types  used 
in  electrical  instruments  and  resistors 
Low  electrical  resist.,  max.  temp.  200  C 


Compositions  of  different  types  are  different ,  but  all  used  as 
resistances 

Heat  and  corrosion  resistant 

Heat  resistant  to  200  C,  rheostats 
Corrosion-resistant  resistors 
Corrosion  and  acid  resistant 

Heavy-duty  resistors,  max.  operating  temp.  500  C,  some 
grades  contain  traces  of  Fe 
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WITH  about  forty  elements  that  are  commonly 
used  in  forming  alloys  and  as  many  ways  for 
processing  and  treating  them,  there  can  be — and  in 
fact  are — virtually  a  limitless  number  of  alloys. 
Some  are  suitable  for  many  purposes,  others  are 
best  used  for  the  specific  applications  for  which  they 
have  been  developed  or  experience  has  found  them 
most  suited.  Those  alloys  having  properties  that 
specifically  suit  them  to  applications  peculiar  to  the 
electronic  industry  are  listed  here  with  brief 
information  on  their  composition  and  unique  uses. 

Structural  sheet  steels  and  aluminum  alloys, 
although  among  those  materials  used  in  great  bulk, 
have  been  omitted  from  this  list  because  they  are 
used  solely  for  mechanical  purposes.  Magnetic  mate¬ 
rials,  being  of  special  importance,  are  covered  in  a 
separate  listing  elsewhere  in  this  directory.  Metals 
used  for  conductors  are,  almost  exclusively,  highly 
pure  copper,  aluminum,  or,  for  limited  use,  gold  and 


silver.  Their  properties  are  given  in  detail  in  hand¬ 
books  and  need  not  be  repeated  here. 

The  listing  consists  of  tables  for  the  several  out¬ 
standing  electronic  applications  of  metals  and 
alloys.  The  alloys  in  each  table  are  arranged  in 
order  of  their  composition,  thus  bringing  together 
those  having  roughly  similar  properties.  It  is 
beyond  the  scope  of  a  general  compilation  such  as 
this  one  to  include  detailed  data  on  characteristics. 
Additional  information  can  be  obtained  from  engi¬ 
neering  handbooks  and  especially  from  “Engineer¬ 
ing  Alloys”  by  N.  E.  Woldman  and  R.  J.  Metzler, 
American  Society  for  Metals,  which  lists  practically 
all  regularly  available  compositions,  their  mechani¬ 
cal  properties  and  manufacturers,  and  from  “Mate¬ 
rials  Handbook”  by  G.  S.  Brady,  McGraw-Hill  Book 
Co.,  which  describes  the  composition,  properties  and 
uses  of  numerous  materials  both  metals  and  non- 
metals,  or  directly  from  manufacturers. 


RESISTANCE  AND  HEATER  ELEMENT  ALLOYS 


Composition,  Approximate 
Percent 


Properties  and  Remarks 


Alloys  of  Nickel 

Silicon  Nickel 
Ma  gno  (Halco) 

D-H  Nickel  A,  D,  E,  Z 
Abros 

Kromore,  Rayo, 

Red  Ray 

Brightray,  ^romic, 
Kromax,  Cromaloy  IV, 
Superior  A  Nickel 
Chrome 
Chromel 


Glowray 

Tophet 


Superior 

Chromnickel,  Chrome 
Nickel 

Stitching  Wire 
Nichroloy 

Mond  Metal 
Hytemco 
Jeliff  Alloy 


95  Ni,  2.5  Si,  215  Mn 
95  Ni.  5  Mn 
Ni 

88  Ni,  10  Cr,  2  Mn 
85  Ni,  15  Cr 

80  Ni,  20  Cr 


Ni  -  Cr  alloy 


65  Ni,  15  Cr,  20  Fe 
Ni  -  Cr  alloy 


78  Ni,  19.5  Cr,  2  Mn,  0.5  Fe 
77  Ni,  20  Cr,  2  Mn 

74.5  Ni,  18  Cr,  7.5  Mn 
Ni-Cr-Mn-Fe  alloys 

70  Ni,  26  Cu,  4  Mn 
70  Ni,  30  Fe 
Nickel  alloys 


High-temperature  heating  elements,  hot-operating  resistors,  cor¬ 
rosion  resistant 


Stainless  and  corrosion  resistant 


Can  be  used  up  to  1,100  C 


Chromel  A  is  for  use  as  a  heating  element  between  1,400  and 
2,100  F,  corrosion  resistant  (80  Ni,  20  Cr);  Chromel  C  (60  Ni, 
16  Cr,  24  Fe)  resists  corrosion  and  heat  to  1,900  F;  Chromel  D 
(35  Ni,  18  Cr,  47  Fe)  to  2,000  F;  Chromel  P  (90  Ni,  10  Cr)  has 
high  resistance  to  heat  to  2,400  F 
Similar  to  Chromel  C 

Tophet  A  (77  -  79  Ni,  19  -  20.5  Cr,  0.15  max  C,  2  Mn)  is  tough 
to  machine,  can  be  us^  to  2,100  F;  Tophet  C  (57  Ni,  15  Cr,  0.15 
max  C,  rest  Fe)  resists  some  common  acids,  can  be  used  to  1,850  F 

For  use  to  1,000  C;  Chrome  Nickel  Iron  (70  Ni,  20  Cr,  8  Fe,  2  Mn) 
can  be  used  to  1,150  C 

Nichroloy  I  (23  Ni,  20  Cr,  Mn,  V,  Al,  about  45  Fe),  Nichroloy  II 
(40  Ni,  7  Cr,  3  Mn,  .50  Fe),  Nichroloy  111(75  Ni,  16  Cr,  3  Mn,  6  Fe) 
Resistance  wire  in  chemical  and  mining  machinery 
Immersion  heaters,  max.  operating  temp.  500  C 
J.  A.  C.  (80  Ni,  20  Cr)  industrial  furnace  elements,  voltmeter 
windings,  high  resistance  to  oxidation  and  corrosion,  max.  operating 
temp.  2,100  F;  J.  A.  C.  (60  Ni,  15  Cr,  25  Fe)  heating  elements, 
rheostats,  potentiometers,  heat  and  corrosion  resistant,  max. 
operating  temp.  1,700  F;  J.  A.  D.  (30  Ni,  5  Cr,  65  Fe)  heavy 
rheostats,  max.  operating  temp.  1,300  F;  J.  A.  70  (70  Ni,  30  Cu) 
max.  operating  temp.  1,100  F 
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Name 


RESISTANCE  AND  HEATER  ELEMENT  ALLOYS 
Composition,  Approximate 

Percent  Properties  and  Remarks 


Lucerno 

Chroman  Alloys 
Lucero 

Calomic 

Cronita 


Calido  (E3aloo), 
Cromaloy 


68  -  65  Ni,  27  -  30  Cu, 

0  -  2.4  Fe,  2.2  -  5  Mn 
Ni-Cr  alloys 
Ni-Cu  alloy 

65  Ni,  15  Cr,  20  Fe 
63.55  Ni,  20.32  Fe, 

13.72  Cr,  1.04  Mn,  0.8  Al, 
0.43  Si 

60  -  64  Ni,  8  -  16  Cr, 
24-25Fe,  (3  -  4  Mn) 


Acid — resisting  heating  elements 

(70  Ni,  30  Cu)  springs,  electrical  resLstanoes,  resists  beat  to  500  C; 
(65  Ni,  30  Cu,  5  Mn)  springs,  electrical  resistances,  resists  corrosion 

Max.  operating  temp.  1,000  C 


Grade  made  without  Mn  resists  oxidation  up  to  1,000  C,  with  4  Mn 
good  to  950  C 


Premier  C 
Placet 
Cronit 
Bario 

D-H  Nickel  A,  D,  E,  Z 


60  Ni,  24  Fe,  16  Cr 
60  Ni,  20  Fe,  15  Cr,  5  Mn 
60  Ni,  40  Cr 
57.4  Ni,  21.4  Cr,  1  Fe 
Ni  alloy 


Resistances  up  to  1,700  F 


Stainless  and  corrosion-resisting  resistors 


Nichrom,’s 
Nichrome  [ 

Nichrome  II 
Nichrome  III 
Nichrome  IV,  V 
Nichrome  Type  A 
Nichrome  S 
Wrought  Nichrome 

Cast  Nichrome 


65  Ni,  11.18  Cr,  22.36  Fe, 
0.7  Mn,  0.26  Si 

66  Ni,  22  Cr,  22  Fe 
85  Ni,  15  Cr 

80  Ni,  20  Cr 
62  Ni,  15  Cr,  23  Fe 
25  Ni,  15  Cr,  60  Fe 
62  Ni,  15  Cr,  0.12  C, 
rest  is  Fe 

60  Ni,  13  Cr,  0.7  C, 
rest  is  Fe 


Heating  elements,  resistances,  corrosion  resistant 


Max.  operating  temp.  1,100  C 
Coef.  resis.  0.0^187,  sp.  resis.  89.5 
Max.  operating  temp.  1,100  C 
Type  B  is  used  in  alloying  other  metals 

Coef.  exp.  in  range  0  to  20  C:  0.00017 

Cloef.  exp.  in  range  20  to  500  C:  0.0000141 


Irons 

Allegheny  Ohmaloy 


Fercaloy,  Alcres 
Phenix 

Kruppin,  Vestalin 
Alchrome  6  ‘ 

Kanthal  A 

Tico 

Clomet 

Dullray,  Frigida' 

Cromin  D 

Smith  No.  10, 
Alloy  No.  10 
Zorite 

D-II  No.  525  Alloy 
Alphate 


12  -  14  Cr,  4  -  4.5  Al, 

0.5  max.  Ni,  0.12  max.  C, 

rest  is  Fe 

83  Fe,  13  Cr,  4  Al 

75  Fe,  25  Ni 

About  70  Fe,  28  Ni,  C 

19  -  21  Cr,  5125  -  6.5 

Al,  rest  Fe 

68.4  Fe,  23.4  Cr,  6.2  Al, 

1.9  Co,  0.06  C 

27.5  -  30.4  Ni,  1.12  Mn, 

1.1  Cu,  rest  Fe 

65  Fe,  30  Ni,  5  Cr 

64  -  60  Fe,  33  -  35  Ni, 

3  -  5  Cr 

30  Ni.  64  Fe.  4  -  7 
Cr,  Mn,  C 

55  Fe,  37.5  Cr,  7.5  Al 


Low-temp,  heating  elements,  high  resistances 
Corrosion  resistant,  for  chemical  equipment 


Resists  sulphur 

Resists  oxidation,  brittle  when  cold,  tough  when  hot,  made  also 
in  grades  A-1  and  D  which  sue  plastic  wh«i  hot 


Max.  operating  temp.  700  C;  with  Mn  and  Cu  added  if  heavy- 
duty  rheostats  are  to  be  made  from  it 

For  temperatures  below  a  dull  red,  resistances,  coef.  exp.  in  range 
0  -  40  C:  0.0000015 

Also  known  as  Comet  (see  above)  and  No.  193  Alloy 
Max.  operating  temp.  2,400  F,  high  resbtance 


35  Ni,  17  -  15  Cr,  1.75  Resists  heat  and  corrosion  up  to  1,900  F 
Mn,  0.5  C,  1  Si,  rest  Fe 

35  Ni,  16  C.%  49  Fe  Resistors  for  high  temperatures,  heat  resistant  to  800  C,  sp. 

resis.  100 

Aluminum  coated  steel  Electrical  resistance  wire  resists  corrosion 


Copper  .\lloys 

Radio  Alloy  Cu-Ni  and  Ni  alloys 

D-H  30  &  90 
Ohm  Alloy 


Lohm,  D-H  Lohm 

Ohmal 

Therlo 

Lunge  Resistance, 
Resistin, 

Rheotan  No.  1-3 
Mai^ganese  Copper  A-H 


Midohm 

Copper  Nickel  30% 

Newloy 

Nickelin 


7  -  7.5  Ni,  rest  Cu 
87.5  Cu.  9  Mn,  3.5  Ni 
85  Cu,  13  Mn.  2  Al 
Cu,  Mn,  Fe,  Zn 


85  -  30  Cu,  8-52  Mn. 
1-10  Fe,  others 
77  -  78  Cu,  22  -  23  Ni 
70  -  67  Cu,  30  -  33  Ni 
64  Cu,  35  Ni,  1  Sn 
85  -  54  Cu,  15  -  30  Ni, 
0  -  20  Zn,  (3  Mn) 


Low  temp,  low  resis.  for  instruments  and  precision  potentiometers 
No.  30  (98  Cu,  2  Ni)  max.  working  temp.  350  C;  No.  60  (95  Cu, 
5  Ni)  similar  to  No.  30;  No.  90  (88  Cu,  12  Ni)  max.  temp.  400  C; 
No.  180  (95  Ni,  2.5  Si,  2.5  Mn)  max.  temp.  400  C,  all  types  used 
in  electrical  instniments  and  resistors 
IjOw  electrical  resist.,  max.  temp.  200  C 


Compasitions  of  different  types  are  different,  but  all  used  as 
resistances 

Heat  and  corrosion  resistant 

Heat  resistant  to  200  C,  rheostats 
Corrosion-resistant  resistors 
Corrosion  and  acid  resistant 

Heavy-duty  resistors,  max.  operating  temp.  500  C,  some 
grades  contain  traces  of  Fe 
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Name 


HESISTANCE  AND  HEATER  ELEMENT  ALLOYS 
Composition,  Approximate 

Percent  ,  Properties  and  Remarks 


Nickd  Silver 
Grade  A 
Girade  B 
Zodiac 

Soovill  No.  100 
lO.T 

Gmnan  Silver 
Nickelin 

€k>mmon  FotuuiIh 
Firsts  A  Special 
French  Alloy 

Copel,  Cunic 
Konstantan 


65  Cu,  18  Ni,  17  Zn 
55  Cu,  18  Ni,  27  Zn 
64  Cu.  20  Ni.  16  Zn 
64  Cu.  18  Ni,  18  Zn 
64  Cu,  10  Ni,  26  Zn 

58  Cu,  22  Ni,  20  Fe 

55  Cu,  25  Zn,  20  Ni 

56  Cu,  17  Ni,  27  Zn 

58  -  50  Cu,  25  -  30  Zn, 
17  -  20  Ni 
55  Cu,  45  Ni 
54  Cu,  45  Ni,  1  Mn 


Corrosion-resistant  wire 


(U.  S.  Bu.  Stds.  G.  S.  is  61.6  Cu,  21.1  N,  17.2  Zn) 
(Nickelin  Resistance  is  54  Cu,  20  Zn,  26  Ni) 


Resistance  alloy  for  use  up  to  800  F 

Precision  resistances,  max.  operating  temp.  600  C,  melting  point 
(in  case  one  treats  precision  resistors  rough)  1,276  C 


Name 


Solders 

Vpproximate  Com¬ 
position  in  Percent 


Melting  Pt, 
Remarks 


Standard  Compositions 


S.  A.  E.  Solders 
No.  lA 

No.  IB 

No.  2A 

No.  2B 

No.  3A 

No.  3B 

No.  4A 

No.  4B 


44-45  Sn.  0.4  max 
Sb,  rest  Pb 
4.3-43.5  Sn.  1.5- 
2  Sb.  rest  Pb 
39-  to  Sn,  0 . 4  max 
Sb,  rest  Pb 
38-38.5  Sn,  1.5- 
2  Sb,  rest  Pb 
29-30  Sn,  0.4  max 
Sb,  rest  Pb 
28-28.5  Sn,  1.5- 
2  Sb,  rest  Pb 
24-25  Sn,  0 . 4  max 
Sb,  rest  Pb 
24-25  Sn,  1.25- 
l .  75  Sb,  rest  Pb 


Melts  361-414  F 
Melts  361-405  F 
Melts  361-460  F 
Melts  361-4.50  F 
Melts  361-494  F 
Melts  361-484  F 
Melts  361-511  F 
Melts  361-502  F 


A.  S.  T.  M. 
Grade  0 
Grade  1 
Grade  2 
Grade  3 
Grade  4 
Grade  5 

^ S.  T.  M. 
Grade  1 
Grade  2 
Grade  3 
Grade  4 
Grade  5 


(Spec.  B-32-31)  Class  A 

63  Sn,  37  Pb,  0-0.12  Sb,  0.08  Cu 
.50  Sn,  50  Pb,  0-0 . 12  Sb,  0 .08  Cu 
45  Sn,  44  Pb,  0-0.12  Sb,  0.08  Cu 
40  Sn,  60  Pb,  0-0.12  Sb.  0.08  Cu 
37 . 5  Sn,  62 . 4  Pb,  0-0 . 12  Sb,  0 . 08  Cu 
33  Sn,  67  Pb.  0-0 . 12  Sb.  0.08  Cu 


(Spec.  B-32-31)  Class  B 

49.25  Sn,  50  Pb,  0-0.75  Sb,  0-0.15  Cu 
43.5  Sn.  55  Pb,  0-1.5  Sb,  0-0.15  Cu 
38  Sn,  60  Pb,  0-2  Sb,  0-0  15  Cu 
.35.5  Sn,  62.5  Pb,  0-2  Sb.  0-0.15  Cu 
31  Sn,  67  Pb,  0-2  Sb,  0-0 . 15  Cu 


U.  S.  Bureau  of  Standards  Aluminum  Solders 
B  of  S  N-1  78  Sn,  9  Al,  8  Zn,  5  Cd 

BofSN-2  69Sn,  2.4A1,  26Zn,  2.4P 

B  of  S  N-3  86  Sn,  5  Al,  9  Zn,  0.25  P 

B  of  S  N-4  86  Sn.  5  AJ.  9  Zn 

B  of  Z  N-l  75  Zn,  60  Cd,  4  Al 

Commercial  Compositions 


l.ead  Bases 


Dippit 

Al.  Solder 
Mystic  Metal 

Cadmium  Sldr. 

Bolui  10-90 
to  60-40 


94.5  Pb,  5  Sn 
0.5  Cu 
92  Pb.  8  Cd 
89  Pb.  11  Sn. 

0.1  Bi 

80-90  Pb,  5-10  Sn, 
5-10  Cd 


Commercial  lead  .s 
99.93  Pb,  0.06  Cu, 
noncorrosive  in  air 
and  water,  melts  at 
621  F 

High  melting  point 


With  90  Pb,  melts  al 
264  F 


90-40  Pb,  10-60  Sn,  No.  10-90  (10  Sn,  90 
0.5  max  Sb  Pb)  melts  at  310  F’, 

others  melt  at  3.58  F' 


Name 


Solders 

•Approximate  Com¬ 
position  in  Percent 


Melting  Pt, 
Remarks 


Waraloy  20X 

Non- Pared 
Comm,  lead 

Sldr.  No.  1 
ST-10,  15. 

20,  30  Sldr. 
Plumbers  Sldr. 
Richloy  Hi- 
Tensil  Sldr. 
VV'iping  Sldr. 

Ajax  Honest, 

Half  and 

Half,  Sldr. 

No.  2 

78 . 75  Pb,  20  Sn,  Melts  at  440  to  490  F 
1.25  Ag 

78  Pb,  17  Sb,  5  Sn  Melts  at  300  C 

68-57  Pb,  30-40  Melts  at  about  400  F 
Sn.  2-3  Sb 

67-87  Pb,  30-10  Various  grades  melt 
Sn,  1 . 2^1 . 5  Ag  at  from  478  to  554  F 
67  Pb,  33  Sn  Soft  solders,  various 

70-35  Pb,  30-65  grades  melt  at  from 
Sn  356  to  416  F 

60  Pb,  40  Sn  Melts  at  446  F 

.50  Pb,  50  Sn  Melts  at  4  46  F 

Tin  Bases 

Tin  melts  at  449  F 

Gr.  Silver 

75  Sn,  10  Ag, 

“xilder 

3  Cu,  2  Zn 

Tinman’s  & 

66  Sn,  34  Pb  Melts  at  356  F' 

Slicker 

Solders 

Sterling 

62  Sn,  15  Zn,  11  Al, 

8.3Pb,2.5Cu.l.2Sb  | 

Bismuth 

33-50  Sn,  33-25  Pb, 

Solder 

33-25  Bi 

Tin  Base  Solders  for  Alumium  Al  melts  at  1,220  F’ 

Wilmott’s 

86  Sn,  14  Bi 

Wagner  &  Guhrs 
•Al.  Sldrs. 

80  Sn,  20  Zn 

78  Sn,  9  Al,  8  Zn,  5  Cd 

Burgess 

76  Sn.  21  Zn,  3  Al 

71.5  Sn,  25  Zn,  3.5  Al 

Richards 

Grimm’s  (  A) 

69.lSn,  28.8  Pb,  1.44  Zn,  0.72  Ag  j 

.  Al.  Sldr.  (D) 

67.5  Sn,  16.5  Zn,  15  Al,  1  Cu 

Frismuth  (C) 

67  Sn,  27  Pb,  3  Al 

Al.  Sldr 

56 . 4  Sn,  37 . 6  Zn,  3  Cu,  3  Al 

Al.  Sldr.  (A) 

.56  Sn,  30  Zn,  5  Bi 

I»-Luniinum| 

55  Sn,  33  Zn,  11  Al,  1  Cu 

So-luminum  I 

•Al.  Sldr.  (E) 

53  Sn,  40  Zn,  7  Al 

Grimm’s  (B) 

.50  Sn,  25  Pb,  25  Zn 

Al.  Sldr. 

41  Sn,  28  Zn,  3  Cu,  0.6  Mn,  0.1  Al 

Zinc  Bases 

Zinc  melts  at  787  F 

Al.  Sldr. 

90  Zn,  6  Al,  4  Cu  Cameme  Institute 
alloy(Geopby3ical 
Lab.) 

Mourey  Al. 

94-80  Zn,  2-8  Cu, 

Solder 

4-12  Al 

Zelco 

83  Zn,  15  Al,  2  Cu  .Aluminum  solder 

Bourbouse 

81.82  Zn,  18.18  Al 

Al.  Sldr. 
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Name 


Solders 

Approximate  Com¬ 
position  in  Percent 


Melting  Pt, 
Remarks 


Argentan 

Solder 

Al.  SIdr.  (C) 
Aalener  Zinc 
Alloy 

Comande  & 
Cruiys  Al. 
Solder 
Wuest  No.  1 
No.  2 
Refractory 
Solder 
Roesch 
Al.  Sldr.  (B) 
Frismuth  (A) 
(B) 


57  Zn,  35  Cu,  8  Ni 

57  Zn,  33  Sn,  12.5  Pb,  2  Sb 

51.4  Zn,  21.6  Pb,  20.5  Sn,  3.5  Cu,  3  Sb 

52  Zn,  30  Sn,  17.5  Al,  0.5  Ni 


50  Zn,  30  Al,  20  Cu  Aluminum  solder 
65  Zn,  20  Al,  15  Cu  Aluminum  solder 
50  Zn,  50  Cu 

50  Zn,  49  Sn,  0.7  Sb,  0.2  Cu 
50  Zn,  33  Sn,  12.5  Pb,  2  Sb  . 

47.5Zn, 31.5Sn,  10.5  Al,  5.5 Cu, 5.5  Ag 
47.4  Zn,  36.8  Sn,  10.5  Al,  5.3  Cu 


Silver  Rase  Solders  Ag  melts  at  1,761  F 

Hard  Silver  Solder:  80  Ag,  13  Cu,  6.8  Zn 
Sterling  Silver  Solder:  80  Ag,  18  Zn,  2.5  Cu 
Weiger:  80-77  Ag.  18-20  Cu,  2-5  Pt 
Medium  Silver  Solder:  75-70  Ag,  20-23  Cu,  5-7.5  Zn 
Platinum  Solder:  73  Ag,  27  Pt 
Pure  Silver  Solder:  72  Ag,  28  Cu 
French  Silver  Solder:  66  Ag,  23  Cu,  10  Zn 
Common  Silver  Solder:  62.5  Ag,  30  Cu,  7.5  Zn 
Quicksilver  SIdr.:  63-57  Ag,  21-25  Cu.  3-7  Sn,  10-12  Zn 
White  Gold  Solder:  55  Ag.  30  Au,  12  Zn,  1  Cu 
Wilco  Silver  Solders:  22-^5  Ag,  44-25  Cu,  34-10  Zn 
Silver  Solder:  32  Ag,  23  Cu,  17  Zn,  18  Cd 


Name 


Solders 

Approximate  Com¬ 
position  in  Percent 


Melting  Pt. 
Remarks 


Copper  Base  and  Otbo'  Types 


Copper  melts  at 
1,981  F 
Gnld  solder 

Gold  solder 


Imitation  97 . 8  Cu,  2  Al, 

Gold  0.2  Au 

Gold  Metal  84-66  Cu,  16-34 

Leaf  Zn,  0.4  Pb  max 

Deletots  80  Cu,  18  Zn,  2  Mn  Brass  solder,  ductile 

Alloy 

Hard  Yellow  58  Cu,  43  Zn, 

Solder  1.23  Sn.  0.3  Pb 

Hard  Solder  57-50  Cu.  43-50  Zn 

Minargent  57-46  Cu,  40-32  Ni,  Silver  solder 

28-0  W.  0.2-0. 5  Al 

Gr.  Silver  40-30  Cu,  40-30  Zn,  Silver  solder 

Solder  •  10-20  Ag,  20  Cd 

Odessa  42.5  Cu,  33.25  Ag,  Silver  solder 

15.75  Zn,  8.5  Ni 

Handy  Silver  Siolder:  Cu,  Ag,  Zn  in  various  percents  for 
grades  ranging  in  melting  point  from  1,325  to  1,600  F; 
special  purpose  grades  include  those  for  parts  under 
strain,  solders  for  Cu,  Ni,  Monel,  stainless  stwl  and  brass 


Gold  SIdr., 
While  Gold 
Solder 
Cazin 

-Bates  Al. 
Solder 


Au,  Ag,  Cu,  Ni,  Cd 


82.6  Cd,  17.4  Zn 
70  Al,  30  Zn 


Zn  in  various  per¬ 
cents  depending  on 
grade  and  carat 
Solder  for  steel,  melts 
at  263  C 


Name 

THERMOCOUPLE  ALLOYS  j 

Composition,  Approximate  j 

Percent  Outstanding  Characteristics  and  Remarks  j 

•  Copper  and  Nickel  Alloys 

85  -  86  Cu,  9-12  Mn,  3  -  4  Ni 

Constant  resistance  alloys,  little  affected  by  temperature, 
for  use  in  nonseasing  portions  of  thermocouple  circuits 

Manganin 

High  resistivity  and  low  temp.  coef.  of  resistance,  low  ; 
thermal  emf 

Nickelene 

80  -  52  Cu,  5  -  30  Ni, 

German  silver 

10  -  35  Zn 

Constantan 

W)  -  45  Cu.  40  -  55  Ni 

Resist  effects  of  heat  to  2,200  F  (Constantan,  in  addition  = 

Eureka 

60  Cu,  40  Ni 

to  lieing  made  with  various  percentages  of  copper  and  nickel. 

Ideal 

.58  -  53  Cu,  40  -  45  Ni.  Fe,  Mn.  Al 

is  made  in  grades  having  small  percentages  of  other  metals 

Ferry 

56  -  55  Cu.  44  -  45  Ni 

to  provide  special  properties) 

Cupron 

55  Cu,  45  Ni 

Advance 

54  -  56  Cu,  44  -  46  Ni 

Plantinoid  A 

60  Cu,  14  Ni,  24  Zn,  2  W 

Tungsten  German  silver 

Plantinoid  B 

54  Cu,  25  Ni.  20  Zn.  1  W 

la-Ia 

60  -  58  Cu.  40  -  42  Ni. 

1  Fe  and  Mn 

Negligible  temperature  coefficient  of  resistance 

Copper-Nickel  40% 

60  -  55  Cu,  40  -  45  Ni 

JelUff  Alloy  45 

>  55  Cu,  45  Ni 

Very  low  temp.  coef.  of  resistance,  resists  oxidation  and 

Cunic 

corrosion  at  low  temp.,  max.  operating  temp.  950  F 

D-H  No.  11  Alloy 

Cu  and  Ni 

Nickel  and  Manganese  or 

Temperature-sensitive  elements  for  use  in  sensing  portions 

Chromium  Alloys 

of  thermocouple  circuits 

Mangonic 

97  Ni,  3  Mn 

Aluinel 

95  Ni.  Mn,  Al,  Si 

Ne.gative  thermocouple  element,  max.  operating  teinii. 

2,400  F 

Chromel  P 

90  Ni,  10  Cr 

Resists  effects  of  heat  to  2,400  F,  high  electrical  resistance, 
positive  thermocouple  element 

Nickel  C 

85  Ni,  15  Mn 

Resists  heat  and  corrosion  from  salt  solutions  and  caustics 

Chronin  85 

85  Ni,  13  Cr,  Cu,  Fe, 

Mn,  Al,  impurities 

Thermocouple  against  Ni 

Chronin  100  > 

80  Ni,  18  Cr,  Cu.  Fe,  Mn.  Al 

Heat  resistant  to  1,200  C  (see  Chronin  85) 

Imphv  A.T.E.,  B.T.E.. 

Ni  alloys 

In^lw  R.T.E.  used  as  thermocouple  element  against  Imphy 
A.T.E.  or  C.T.E.,  or  nickel;  the  combination  with  Imphy 
C.T.E.  gives  a  useful  range  from  —  220  C  to  700  C 

and  C.T.E. 
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METALS  FOR  ELECTRICAL  SWITCHES  AND  CONTACTS 


Ultimate  • 


Name 

Composition,  Approxi- 

Tensile 

Applications  and  Remarks 

« 

mate  Percent 

Strength 
in  Ib/sq  in 

Red  Bronzes 

Spring  type  contacts 

Electronics  Bronze 

98.75  Cu,  1.25  Sn 

77,000 

Springs,  contacts,  diaphragms 

Government  Bronze 

95  Cu,  5  Sn 

50,000 

Riverside  No.  105 

95  Cu,  4  Zn.  1  Sn 

38,000 

Fyse  clips,  electrical  contacts,  38%  conductivity 

Spring  Oreide 

92  Cu,  8  Sn 

55,000 

Spring  contacts,  switches,  diaphragms 

Sheet  Gun  Metal 

90  Cu,  10  Sn 

Corrosion  resistant  electrical  contacts 

90  Cu,  1.75  Sn,  8.25  Za 

81,000 

Contact  springs,  radio  tube  sockets 

Phosphor  Bronzes 

Spring  contacts  requiring  hard  surfaces 

Super-X,  Grade  A,  E 

96.5  Cu,  3.5  Sn,  P 

79,500- 

Fuse  clips,  springs,  switches,  diaphragms 

Omega  Brand,  No.  30 

95.5  Cu,  4.3  Sn,  0.2  P 

160,000 

Light  springs  and  contacts 

Riverside  No.  30 

94.4  min  Cu,  3.8  -  4.8 

88,000- 

Light  springs  and  contacts,  resists  corrosion  from 

Sn,  0.05  -  0.35  P,  0.3  Zn 

40,000 

salt  water,  Brinell  hardness  No.  100 

Hard  Phosphor  Bronze 

92.8  Cu,  7  Sn,  0.2  P 

Super-X,  Grade  C 

92  Cu,  8  Sn,  P 

93,500- 

57,000 

Spring  contacts  requiring  good  fatigue  resistance 

Riverside  No.  47 

91  min  Cu,  7.5  -  8.5  Sn, 

101,000- 

Spring  contacts,  fuse  clips,  used  to  meet 

0.05  -  0.25  ?,  0.2  Zn 

53,000 

Severe  forming  and  endurance  requirements 

Resists  salt  water  corrosion 

Other  Copper  Alloys 

Anaconda  Beryllium 

2  -  2.25  Be,  0.25  - 

196,000- 

Springs,  high  fatigue  and  strong  parts, 

Copper 

0.5  Ni,  rest  is  Cu 

50,000 

Fuse  clips,  switch  blades 

Beraloy  No.  25 

97.75  Cu,  2  Be,  0.25  Co 

175,000- 

66,000 

Springs,  electrical  contacts,  valve  diaphragms 

SUvel 

Cu,  Zn,  and  Ni  or'  Mn 

130,000- 

German  silver,  electrical  contact  springs 

and  Sn,  and  Fe 

73,000 

Super-X  18%  Nickel 

55  Cu,  18  Ni,  27  Zn 

99,500- 

Tarnish  resistant  springs  and  switch  blades 

Silver  Grade  B 

Best  German  Silver 

50  -  46  Cu,  31-20  Ni, 

34  -  29  Zn 

50,000 

Cupaloy 

Cu  -  Cr  alloy 

60,000 

Commutators,  slip  rings,  high  conductivity 

Steb  Metal 

Ag  on  Cu 

Silver  rolled  into  copper 

Combarloy 

Ag  and  Cu  alloy 

High  conductivity  commutator  bars 

Silver  Alloys 

Elkonite 

Ag  -  WC  or  40  Ag,  60  Mo 

Contactors,  high  conductivity,  easily  machined 
Brinell  hardness  No.  110-150 

EUkonium  No.  1 

Ag  aUoy 

Substitute  for  fine  silver  contacts 

Fasaloy 

Ag,  Cu,  Co 

Gibsaloy  Grade  A 

95  -  50  Ag,  5  -  50  Ni 

Sintered  powder  electrical  contacts 

Grade  C 

99  -  93  Ag,  1-7  graphite 

Grade  NM 

1  -  35  Ni,  1  -  30  Mo, 
rest  is  Ag  . 

Contacts  for  high  current  densities 

Grade  NW 

1  -  35  Ni,  1  -  30  W, 
rest  is  Ag 

Contacts  for  high  current  densities 

Fasten 

Silver  alloy 

Electrical  contacts,  various  grades  are  made  by 
alloying  Ag  with  various  hardening  metals 

Mallory  U-50 

Silver  alloys 

30,000 

Tungsten  and  Other  Alloys 

Ellkonite  (lO-W-3) 

77  W,  23  Cu 

55,000 

Sintered  alloy,  does  not  respond  to  heat  treatment, 
Brinell  hardness  No.  225 

Mallory  HA  &  HB  Metal 

W-alloy 

Wilcoloy 

WC  • 

Telegraph  relays  (tungsten  carbide) 

Milwaloy  18 

Fe,  Ni,  Mn 

Nonmagnetic  for  use  in  circuit_breakers 

Aeralloy 

Pt  alloy 

E^konium  No.  13 

Pd  alloy 

Brinell  hardness  No.  240 

Paliney 

Pd,  Pt,  Ag,  Cu,  Ni  or  Au 

170,000 

Nonmagnetic  contacts,  pivots,^bearings,  springs, 
grade  No.  6  (Brinell  H.  No.  240)  can  be  heat 
treated,  grade  No.  7  (Brinell,  hardness  No.  280) 
is  corrosion  and  wear  resistant 

No.  712  Alloy 

29  Os,  40  -  50  Ir,  rest  is  Pt 

Electrical  Gold  Alloy 

70  Au,  25  Ag,  5  Ni 
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ELECTRONIC  TUBE  METALS 


Composition,  Approximate  , 
Percent 


Baral 

Calloy  Strontium- 
Alummum 
Barium 
Beryllium 
Misch  Metal 

Columhium _ 

C<mper 

Electtolytic  Copper 
Lake  Cop^ 
Arsenical  Lake 
Copper 

Casting  Copper 
Deoxidized  Copper 

Gallium 

Gold 

Graphite  (Carbon) 
Iron 

Radiohm 

D-H  No.  42  Alloy 
Platinite 

Dilver 

Dumet 

Femioo 

Kovar 

Femichrome 
Nilstain  416 

Molymet 


Magnesium 

Barmay 

Revere  Magnesium 
M 


Nickel 

Hoskins'651 
A  Nickel 


220  Nickel 


330  Nickel 


Up  to  50  Ba,  rest  is  A1 
Up  to  50  Sr,  rest  is  A1 

100  Ba 
100  Be 

50  Ce,  45  La,  5  others 
100  Cb 


99.9  Cu 
99.9  Cu 

99.4  Cu,  0.3  As,  0.2  O, 

98.5  -  99.8  Cu 
99.95  Cu,  Ag, 

0.01  -  0.05  P 
100  Ga 

100  Au 

99.997  C 


12  -  13  Cr,  4  -  5  Al, 
balance  is  Fe 
41.5  -  43  Ni,  rest  Fe 
54  -  58  Fe,  46  -  42  Ni, 
0.15  C 

54  -  58  Fe,  42  -  46  Ni 
54  Fe,  46  Ni,  plated  with 
Cu 

54  Fe,  28  Ni,  18  Co 
30  Ni,  15  Co,  0.2  Mn, 
balance  is  Fe 
37  Fe,  30  Ni,  25  Co,  8  Cr 
23  -  30  Cr,  0.35  C 
(max),  balance  is  Fe 
45  Fe,  45  Ni,  10  Mo 


35  Ba,  balance  is  Mg 
Mn  and  Mg 


100  Ni 

99  Ni  &  Co  (min),  0.25 
Cu,  0.3  Fe,  0.35  Mn,  0.2 
C,  0.2  Si,  0.008  S  (max) 
99  Ni  &  Co  (min),  0.2 
Cu.  0.2  Fe,  0.2  Mn, 

0.15  C,  0.01  -  0.05  Si, 
0.008  S  (max) 

99  Ni  &  Co  (min),  0.15 
Cu,  0.2  Fe,  0.2  Mn,  0.15 


Typical  Applications  and  Remarks 


erdal  Al  is  about' 99.94  percent  pure,  work  hardens,  melts  at 
1,220  F 

(Otters,  stable  in  air 
Getters,  stable  in  air 

Malleable  and  lustrous 

Windows  for  x-ray  tubes,  light  metal,  coef.  of  exp.  of  cast  iron 
Getters 

Lowest  work  function  of  pure  refractory  metals,  melts  at  1,950  C 
Pure  copper  melts  at  1, 981  F;  in  various  forms  copper  is  used  for  com¬ 
ponents  of  electronic  tubes  requiring  high  conductivity,  but  because  of 
Its  softness  it  is  frequently  coated  or  plated  on  a  structural  metal 


Photoelectric  cells  afld  tubes,  melts  at  29.9  C,  coef.  of  ei^.  0.000018 
Plated  on  structural  parts  to  provide  high  conductivity,  melts  at 
1,945  F 

Anodes  in  high-power  vacuum  tubes _ _ 

Pure  iron  is  not  used  commercially,  but  it  is  frequently  an  alloying 

metal,  melts  at  2,786  F 

Tube  parts,  resistant  to  heat  to  1,000  C 

Glass-metal  seals,  coef.  of  exp.  of  glasses,  max  operating  temp.  400  C 
To  replace  Pt  in  electronic  tubes,  heat  resistant,  coef.  of  exp.  of  glasses, 

f lass-metal  seals 

leating  elements,  properties  similar  to  Platinite 

Resistance  alloy  for  sealing  in  glass  bulbs,  Platinite  with  an  oxidized 
Cu  plated  coating 

Metal-glass  joints,  same  coef.  of  exp.  as  glasses 

Low  expansion  alloy  for  hard  glass-metal  seals,  mean  expansivity 

(25  -  400  C)  is  0.0000045 

Metal  seals  to  soft  glass,  substitute  for  Dumet 

Glass  sealing  wire,  heat  resistant 

Grid  wire 


Commercial  Mg  is  99.9  percent  pure,  constHutent  of  light  alloys,  can¬ 
not  be  cold  forged,  getter  material  for  O* 

Getters 

Tube  parts  and  resistances 


Pure  nickel  has  a  high  temp.  coef.  of  resis.,  melts  at  2,646  F 
(Show  us  the  tube  that  does  not  have  some  nickel  in  iti; 

Constructional  parts  of  electronic  tubes,  base  pins,  support  wires  and 
rods,  grid  side  rods,  getter  tabs,  shields,  thyratron  grids 

Hot  cathodes  (225  Nickel,  having  higher  Si  content,  can  be  used  where 
liberation  of  appreciable  Ba  is  not  objectionable),  this  grade  is  used  if 
libearation  of  Ba  is  to  be  minimized 

Anodes,  cold  cathodes,  and  structural  parts 


Alloy  No.  484 
Tantalum-Nickel 
Gridnic  A-F 

Mangrid  D,  E 

Filnic,  H-K 

D-H  No.  52  AUoy 

Sylvaloy 

Tensite 

Konel 

C,  0.1  Si,  0.008  S  (max) 
98  Ni,  2  Mn 

Ni  plus  Ta 

4.5  or  20  Mn, 
balance  is  Ni 

Ni,  Co,  Ti,  Fe,  Si 

51  -  52  Ni, 
balance  is  Fe 

97  Ni,  3  Si 

98  Ni,  2  Al 

73.07  Ni,  17,  16  Co,  8.8 
Ti.  0.55  Si,  0.26  Al 

Sparking  electrodes 

l.es8  expensive  substitute  for  tantalum 

Grid  wires  and  other  wire  parts 

Vacuum  tube  grid  wire,  magnetic 

Resistance  metal  for  Blaments  and  heaters 

Glass-metal  seids  and  grid  wires,  max.  operating  temp.  500  C 

Vacuum-tube  hlaments 

Vacuum-tube  maments 

Filaments,  substitute  for  platinum,  beat  and  corrosion  resistant,  hot 
short  above  1 .250  C 

Palladium 

100  P  d 

Malleable,  ductile,  hard,  melts  at  2,822  F 

Platinum 

100  Pt 

Melts  at  1,773  C  (3,191  F) 

Silver 

100  Au 

Melts  at  1,761  F,  us^  for  high-conductive  coating 

Tantalum 

100  Ta  '* 

Electrodes,  melts  at  2,996  C,  corrosion  resistant,  nonmagnetic,  second¬ 
ary  emission  comparable  to  W,  work  function  is  lower,  used  for  grids 
in  tubes  having  thoriated  tungsten  filaments,  electron  emission  at 
2,100  K  is  comparable  to  that  from  tungsten  at  2,500  K 

Tungsten 

100  W 

Filaments  and  heaters,  melts  at  high  temperature  of  6,152  F  (3,370  C), 
nonmagnetic,  oxidizes  when  heat^  in  air,  used  for  electron  emitters, 
targets  in  x-ray  tubes,  arcing  contacts  because  of  its  low  vapor  pressure 

Tungsten  Filaments 

0.5  -  0.75  ThO, 
balance  is  W 

Common  grade  of  tungsten  used  for  filaments 

Zirconium 

100  Zr 

Substitute  for  Pt,  melts  at  3,090  F 
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molding  and  casting 


PLASTICS . . . 


Molding  or  Casting  Material  Type 

_ _ 

AUyl  Resin,  Cast  TS 


Power  Factor 

Dielectric  Constant 

60  cps  1  kc  1  me 

60  cps  1  kc  1  me 

0.019  0.01-  0.06 

0.018 


a.45  3.25-  3  6 

3.8 


Aniline  Formaldehyde  Resin 

TP 

0.002 

0.001 

0.006- 

3.7- 

3.7 

3. 

No  FiUer 

0.008 

3.8 

Volume 
Diel.  Resis- 

Strength  tivity 

v/mil  meg-cm 

570-  >  10* 

1,275 


600-  10‘«- 
650  10“ 


Cellulose  Acetate,  Molding 

TP 

0.06 

0.06 

O.l  I 

Cellulose  Acetate  Butyrate 

TP 

0.01 

— 

■  0.01  t 

Cellulose  Nitrate  Tl* 

(Nitrocellulose;  Pyroxylin)  ' 


Cellulose  Propionate  TP 

(Cellulose  Acetate  Propionate) 


Cold-Molded  Compound,  Inorganic  TS 
Refractory  Ceramic) 


Gold-Molded  Compound,  Organic  TS 
(Nonrefractory) 


Ethyl  Cellulose  TP 


0.06-  -  0.07- 

0.15  0.1 


0.001-  0.07  -  0.015- 

0.007  0.013  0.032 


3.0-  3.1-  3.0- 

3.5  3.5  3.5 


0  2 

- 

0.07 

15 

6 

85 

1.3  X  lO-' 

0.01- 

0.02- 

0.03- 

3.8- 

3.7- 

3.5- 

250- 

10‘ 

1.0  3.8  3.7 


Melamine  Formaldehyde 

Asbestos  Filler 

TS 

0.08 

0.05 

0.03 

8.0 

7  3 

6  7 

300 

10' 

Melimine  Formaldehyde 

Cellulose  F'illed 

TS 

0.08 

0.05 

0.06 

9.5 

9  0 

8  2 

300 

lO' 

Methyl  Methacrylate 
(Acrylic) 

TP 

0.06- 

0.07 

0.0.5- 

0.06 

0.03- 

0.04 

4.0 

4.0 

3.0- 

3.5 

100 

10* 

Nyl(»n  (Polyamide) 

TP 

0.05 

0.05 

0.07 

5.0 

5.0 

10 

3.50 

lO' 

Phenol  Formaldehyde 

No  Filler  (PF,) 

TS 

0.10 

0.08 

0.03 

6.5 

6.0 

5  0 

300 

!0’ 

Phenol  Formaldehyde 

Wood  Flour  Filler  (PF*) 

TS 

0.12 

0.06 

0.06 

7.0 

6.0 

5  5 

300 

KV' 

Phenol  Formaldehyde 

Cellulose  Filler  (PF,) 

TS 

0.20 

0.08 

0.06 

9.0 

8.0 

6.0 

300 

10* 

Phenol  Formaldehyde 

Cellulose  Filler  (PF«) 

TS 

0  25 

0.10 

0.06 

9.0 

8.0 

6  0 

200 

10* 

Phenol  Formaldehyde 

Cellulose  Filler  (PF») 

TS 

0.25 

0.10 

0.06 

10.0 

8  0 

6  0 

200 

10* 

Phenol  F'ormaldehyde 

Cellulo.se  Filler  (PF,) 

TS 

0  25 

0.10 

0.06 

10  0 

8,0 

0  0 

200 

10* 

Phenol  Formaldehyde 

Mineral  Filler  (PF*) 

TS 

0.05 

0.03 

% 

0.02 

6.0 

5.S 

5  0 

350 

10* 

Phenol  Formaldehyde 

Mineral  Filler  (PF,) 

TS 

0.025 

0.02 

0.01 

6.0 

5.5 

5.0 

350 

10 

Phenol  Formaldehyde 

Mineral  Filler  (PF,) 

TS 

0.12 

0.40 

0.20 

50 

30 

8 

200 

10* 

Phenol  Formaldehyde 

Mineral  Filler  (PF,,) 

TS 

0.35 

0.25 

0.10 

15 

12 

■ 

300 

10* 

Phenol  Formaldehyde 

Sisal  Felt  Filler 

TS 

0.1- 
0  3 

— 

0.3- 
0  5 

^  10 

— 

3- 

5 

250- 

400 

lO*-- 

10* 

Phenol  Formaldehyde,  Cast 

No  FUler 

TS 

0.02.5- 
0  5 

0.01- 

0.3 

0  01- 
0.1 

6.5- 

30 

5.5- 

18 

.*>- 

n 

75- 

450 

10*- 

10* 

Phenol  Formaldehyde,  Cast 
Mineral  Filler 

TS 

— 

0.1- 

0.3 

0.07- 

0.2 

— 

14- 

30 

9- 

15 

109- 

250 

10* 

10* 

compounds,  laminates,  and  synthetic  and  natural  rubbers 


Heat 

Distort. 

Ten^. 

Max. 

Service 

Temp. 

op 

Impact 
Strength 
Izod 
fl  lb /in. 

Tensile 
Strength 
U)/sq  in. 

Hardntis.s 

Rockwell 

Specific 

Gravity 

Linear 
Expans. 
in. /in. 
/“CXlO-‘ 

Typical  Trade  Names  and  Remarks 

140- 

200 

212- 

225 

0.3- 

0.4 

5,000- 

6,000 

M95- 

M11.5 

1.32- 

1.40 

5..5- 

10 

Allymer;  Kriston.  Uaed  as  or  in  molding,  oasting  and  coating  com¬ 
positions.  Transparant  but  readily  colored.  Withatands  heat. 

210- 

245 

180- 

190 

0.32 

8,50(1- 

10,000 

M115- 

M120 

1  22- 
r25 

5- 

6 

Cibanite;  Dilectene.  High  dielectric  strength  and  weather  resistance. 
Used  for  radio  insulators. 

.300 

300- 

325 

1.0 

10,000 

M70- 

MIOO 

1..3.5 

4.1- 

6.8 

Ameroid;  Galom.  Cheap  and  easy  to  mold.  Hardened  by  formalde¬ 
hyde  or  similar  agent,  and  seasoned  by  drying. 

100- 

160 

120- 

210 

0.5- 

3.0 

2,000- 

6,000 

R38- 

RIH 

l.,32- 

1.31 

16 

Bakelite;  Chemaco;  Fibestos;  Hercules  flake;  Rodapak;  Lumaritb; 
Nixon;  Plastacele;  Tenite;  Vuepak.  Light,  tough;  many  colors. 

100- 

150 

120- 

130 

0.6- 

3.1 

2,000- 

5,000 

M15- 

M56 

1.18- 

1.23 

17 

Tenite  II;  llercoae.  Also  called .  acetobutyrate.  Better  moisturp 
resistance  and  dimensional  stability  than  cellulose  acetate. 

120- 

165 

110 

2- 

8 

.3,000- 

10,000 

1190- 

11120 

1..35- 

1.4 

9- 

16 

(^Uuloid;  Hercules  flake;  Nitron;  Nixonoid;  Nixon;  I*yralin.  Highly 
inflammable;  excellent  molding  qualities. 

120- 

150 

IM)- 

220 

0.8- 

11.4 

2,800- 

6,000 

H63- 

RlOl 

1.17- 

1.22 

12- 

19 

Kurticel;  Tenite  III.  Used  for  radio  housings  and  cabinets.  Tough; 
high  impact  strength;  surface  lustre;  stable. 

700-  0.4 

1,300 

— 

M3.5- 

M65 

1.8- 

1.9 

0  8 

Aico;  Hemit;  Textolite.  Ceramic  type,  thermosetting  after  baking 
Resists  heat  and  arcing.  Cray,  black  only. 

— 

100- 

500 

0.4 

— 

M35 

M65 

1.87- 

2.15 

1.4 

•Vico;  .\merine;  Carit;  Cumroon;  Textolite;  Thermoplax.  Becomes 

TS  during  baking.  Resists  heat,  arcing.  lx>w  cost.  Dark  colors. 

110- 

140 

1.50 

2.5- 

5.0 

1.000-  H78- 

6,000  11100 

1.09- 
1  19 

15 

(’elcon;  ('hemaco;  Kthoriel;  Bthofnil;  Hercules  flake;  I.iimarith;  Nixon. 
Tough,  durable,  resistant  to  sun  and  chemicals. 

270 

210 

0.2 

5,000 

MI09 

o  .> 

1.5 

Melmac;  IMoskoo;  Resimene.  Resistant  to  heat,  arcing,  surface  track¬ 
ing,  water,  chemicals.  For  insulation,  radio  cabinets.  Properties 

300 

260 

0.2 

6,000 

M1I2- 

M)2l 

1 . 55 

2- 

4.5 

vary  with  flUer  used;  cellulose  filler  gives  12.')-seo  arc  resistance  for  uses 
like  connector  inserts. 

130- 

180 

— 

0.1- 

0.2 

5,0(8)-  MI05 
9.000 

1.2 

9 

Liicite;  Plexiglas.  Used  to  pipe  light;  fur  solid  and  liquid-filled  lenses; 
dials;  escutcheons.  Easily  colored.  Softens  in  hot  water. 

160 

— 

0.6 

9.01M) 

MHO 

1  15 

10  3 

Marketed  under  generic  name  nylon.  Widely  used  fur  injection  mold¬ 
ing;  tough,  strong;  can  be  boiled;  can  l>c  molded  in  thin  sections. 

230 

250 

0  3 

6,000 

M121 

1  . 30 

— 

Bakelite;  Catapak;  Ck>-Ro-Lite;  Drackett;  Durez;  Durite;  Heresite; 
Indur;  Insurok;  Makalot;  Micarta;  Neillite;  P-C-I;  Resinox;  Textolite. 
Values  given  apply  also  to  phenol-furfural  and  furfural-aldehyde-phenol 
molding  materials,  used  during  World  War  11  when  fiirfuraldehyde  was 
in  greater  supply  than  formaldehyde. 

260 

300 

0  2 

6.000 

MI  15 

1  15 

3.5 

2.50 

30<» 

0  3 

6.000 

MHO 

1  12 

3  .3 

Phenulics  are  available  in  many  diffpreut  types,  produced  by  varying 
conditions  of  initial  condensation  reaction  and  by  compounding  with 
various  filler  materials,  so  they  can  be  used  for  molding  or  casting, 
coatings,  laminating  materials,  and  adhesives.  Phenolics  are  relatively 
inexpensive;  widely  used  for  radio  cabinets,  electrical  appliance  hous¬ 
ings,  knobs,  electrical  plugs,  telephone  handsets,  component  parts  of 
electrical  devices,  switch  plates,  iasulatioo.  (Colors  are  limited  and 

2.50 

300 

0  8 

5.000 

MHO 

1  15 

2  <)3 

250 

250 

I  7 

6,0(8) 

MHO 

1  15 

-  -- 

2.50 

250 

1.0 

6,000 

MHO 

1  15 

2.0 

not  translucent  or  transparent.  Not  recommended  where  resistance 
to  alkalies  is  needed. 

250 

300 

0.3 

5.()0() 

Ml(8) 

2.0 

— 

Mineral  filler  gives  low-loss  insulating  material  for  high-frequency 
applications;  mica  and  asbestos  are  both  used  for  this  purpose.  Mica- 
filled  molded  products  are  generally  low  in  mechanical  strength  and 
difficult  to  machine,  but  have  a  low  coefficient  of  thermal  expansion 
and  low  shrinkage,  along  with  heat  resistance  such  that  they  with- 

2.50 

2.50 

0  3 

5.(88) 

Ml  00 

2  1) 

1.9 

2.50 

100 

0.7 

1.0(8) 

MI(8) 

2.0 

2.0 

stand  up  to  t.'iO  deg  F  intermittently. 

Designations  in  parentheses  are  from  the  SPI  Handbook;  subscript 

280 

260 

0.2 

4,000 

"  M9.5 

2.0 

2  12 

designations  4,  5,  and  6  are  moderate,  medium,  and  high  impact 
strength  respectively;  8  is  superior  to  7  in  electrical  high-frequency 
low-loss  properties;  9  is  general-purpose  and  10  is  heat-reaistant, 
mineral-filled  material.  Sisal  felt  filler  gives  high  tensile  and  impact 
strength  but  has  high  linear  thermal  expansion. 

.320 

2.50 

.3- 

16 

7,000-  - 

12,(88) 

0.7- 
1  ..35 

20 

95 

165 

160  ‘ 

0.25- 

0.6 

2,000-  M20-  1.26- 

9,000  MHO  1..33 

5- 

!■> 

Bakelite;  Catalin;  Cemstone;  Marblette;  Prystal.  Available  in 
unlimited  color  range  including  mottling  and  two-tone.  Used  fur 

150- 

175 

160 

0,3.5- 

0.5 

1,000-  M95-  1.7 

9.000  M120 

7.5 

radio  and  clock  cabinets,  gay  ornamentation  on  juke  boxes,  gage  and 
meter  windows,  and  photoelastic  stress  analysis. 
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Plastic  molding  and  casting  compounds  (continued) 


Mending  or  Casting  Material  Type 


Poly  dichlorost^  rene 


Power  Factor  • 

60  epa 

1  kc 

1  me 

0.0003-  0.0002  0.0002 


EHelectric  Constant 


Diel. 
Streni^h 
1  me  v/mil 


Polyethylene 

TP 

0.0002- 

0.0002- 

0.0002- 

0.0005 

0.0005 

0.0005 

Polystyrene 


Polystyrene 

with  Chlorinated  Diphenyls 


Polytelralluoroethylene 


Polyvinyl  Butyral  Resin 
Flexible,  Filled 


Polyvinyl  Butyral  Resin 
Flexible,  No  Filler 


Polyvinyl  Butyred  Resin 
Rigid 

Pf^vinyl  Butyral  Resin 
'f^hermosetting 


Polyvinyl  Carbazole 


Polyvinyl  Chloride  Resin 
Plasticized 


Flexible,  No  Filler 


Polyvinyl  Formal 


0.0003-  0.0005 

0.0005  0.00 


.001  2.8  2.8  2.8 


TP  <0.0002  <0.0002  <0.0002  2.0  2.0  2.0  .500  >10** 


TP  0.057  0.040  0.045  6.5  6.1  5.0  350  2  X  10* 


0.0005- 

0.001 

0.10- 

0.15 


O.OOOl- 

0.001 

0.09- 

,0.16 


0.0004- 

0.001 

0.09- 

0.10 


5.10  3.92 


3. .58  3.33 


4-  4- 

13  10 


3.0  3.0 


8.4 


3.3  3.0 


175-  5  X  KH- 

375  10  X  10« 


7.50-  10»- 

1,000  10>» 


Polyvinylidene  Chloride 
(Vinylidene  Chloride) 

TP 

0.042 

0.075 

0.065 

6.0 

5.0 

4.0 

350 

10* 

Polyvinyl  Chloride  Acetate 

Rigid 

TP 

0.007- 

0.01 

0.011- 

0.013 

0.018- 

0.019 

3.2- 

3.3 

3.1- 

3.2 

3.0- 

3.1 

400- 

425 

10* 

Polyvinyl  Chloride  Acetate 
Flexible,  Filled 

TP 

0.055 

0.063 

— 

8.1- 

8.3 

6.9- 

8.4 

— 

340- 

400 

2  X  10’ 

Polyvinyl  Chloride  Acetate 

TP 

0.084 

0.123 

0.100 

8.1- 

6.9- 

4.2 

1.50- 

5  X  10* 

Shellac  Compound 


Styrene  Copolymer 
Cross  Linked 

Styrene  Elastomer 
Styrene  Resin,  Modified 


Urea  F'ormeddehyde  TS 

\lpha  Cellulose  Filler 


NOTES 

In  gene^.  aingin  values  have  been  taken  from 
the  Claasifioation  of  Plastica  chart  published  in 
1948  by  the  Sooiety  of  the  Plastica  Industry. 
These  values  constitute  a  consMvative  approach 
providing  adequate  factors  of  safety  in  design. 

Properties  have  in  most  cases  been  determined 
by  ASTM  (American  Society  for  Testing 
Materiab)  test  methods,  at  room  temperature 
under  standard  test  conditions.  Values  will  gen- 
erally  be  appreciably  different  above  or  bmw 
room  temperature,  hence  this  variation  must  be 
carefully  oonaider^  if  the  application  involves 
wkie  temperature  ranges. 

For  materials  not  included  in  the  SPI  C3assi- 
Scation  of  Plastica,  values  were  taken  from 
manufacturers’  data  and  other  sources.  These 
values  differ  widely  for  identical  plastics  in  many 
cases  because  smaiU  variations  in  manufacturing 
metlwds,  in  composition  and  in  molding  oon- 


0.004- 

0.04 


0.00015  0.00025 


-  -  0.0003-  - - 

0.0006 


0.10  0.055-  0.04  9.5 

0.06 


ditions  cause  wide  variations  in  certain  properties. 
The  ranges  shown  therefore  constitute  the  limits 
of  values  given  in  the  various  sources. 

In  all  cases,  manufacturers  should  always  be 
consulted  before  making  a  definite  choice  of 
materu^  This  tabulation  is  intended  as  a  guide 
to  relative  propertiee  of  the  various  commercially 
available  plastics. 

Type  Designations:  TP — thermoplastic;  can 
be  repeatedly  softened  by  heat  and  reformed; 
TS — thermosetting;  becomes  infusible  when 
heated  during  or  after  molding,  and  cannot  be 
appreciably  softened  when  heat  is  .^applied. 

Poww  Factor:  Determjned  by  ASTM  D  150- 
42T  Test  Method.  Maximum  values  are  given. 

Dielectric  (Constant:  Determined  by  ASTM 
D  150-42T  Test  Method.  Maximum  values  are 
given.  For  dectronic  applications  it  is  desirable 
that  values  be  low  for  dielectrio  constant  and 
power  factor. 

Didectric  Strength :  Determined  by  Short 


2.4-  2.4- 

3.0  3.0 

2.5  2.5 


200-  1.8  X  10» 

600 


325-  >5  X  10>* 

550 

600  10»- 
10‘« 


Time  method  in  ASTM  D  149-44T  Test  Method 
for  14'  thickness.  Minimum  values  are  given 
expressed  in  volts  per  mil  of  thickness.  For 
bi^-voltam  dectromc  applications,  high  values 
are  desirable  here. 

Volume  Resistivity:  Determined  by  ASTM 
D  257-38,  which  involves  measuring  the  resist¬ 
ance  in  mraohms  between  two  electrodes  covering 
opposite  mces  of  a  centimeter  cube  of  the 
material.  Minimum  values  are  given. 

Heat  Distortion  Temperature:  Determined  by 
ASTM  D  648-41T  at  264  pounds  per  square 
inch  fiber  stress,  and  represents  temperature  at 
which  a  centrally  loaded  simple  beam  will  deflect 
0.010  inch  when  subjected  to  temperature  rise  in 
standard  time-temperature-time  increments. 
Values  for  polyethylene  and  polytetrafluoroethyl- 
ene  were  obtained  at  66  psi  since  these  materids 
are  generally  auitable  only  for  low-stress 
applications. 

Maximum  Ckmtinuous  Service  Temperature: 
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Specific 

Gravity 


Typical  Trade  Names  and  Remarks 


Heat 

Distort. 

Temp. 

"F 


Max. 

Impact 

Service 

Streni^th 

Tensile 

Hardness 

Temp. 

Izod 

Strength 

Rockwell 

op 

ft  Ib/in. 

Ib/sq  in. 

rex  10- 


230- 

250 

212- 

230 

0.3- 

0.5 

4,500-  M90- 

8,500  M103 

1.38- 

1.4 

— 

Mathieson  DCS.  Modification  of  polystyrene  having  higher  heat 
distortion  point,  lower  water  absorption.  Cost  is  high. 

122 

140- 

200 

>3 

1,700-  R35- 

1,900  R40 

0.92 

18- 

24.8 

Bak^te;  Polythene.  Excellent  electrical  properties,  nearly  constant  up 
to  3,000  me.  No  known  solvents  at  room  temp.  Low-priced.  It  floats. 

170 

150 

0.3 

5,000 

M80 

1.07 

8 

• 

Bakelite;  Chemaco;  Roppers;  Loalin;  Lustron;  Plexene;  Styron; 
Textolite.  Good  high-frequency  insulator  up  to  3,000  me. 

180 

— 

0.2 

3,000 

— 

1.4 

— 

Styramic.  Higher  heat  distortion  value  than  polystyrene  and  com¬ 
parable  strength  and  cost,  and  almost  as  good  electrically. 

266 

>400 

4.0 

2,000- 

4,500 

— 

2.1- 

2.3 

9 

Teflon.  Used  for  insulators  and  wire  insulation.  Usable  from  —100 
to  480°F.  Losses  constant  up  to  3,000  me.  Noninflammable. 

— 

— 

— 

500- 
3,. 500 

— 

1.1-' 

1.5 

— 

Butadte.  Tough;  resbtant  to  light,  beat,  and  water.  Retains  flexi¬ 
bility  and  toughness  over  wide  temperature  range.  Impact  strength 
varies  with  type  and  amount  of  plasticiser.  One  modified  type  is 

— 

— 

— 

500- 

3,500 

— 

1.05 

— 

115- 

140 

115 

0.8- 

1.2 

4,000- 
8,. 500 

— 

1.07- 

1.2 

8- 

22 

thermosetting.  Used  as  safety  glass  interlayer,  for  fabric  impregnation 
and  coating,  and  as  plywood  adhesive.  Slow  burning  rate.  Acids 
and  alkalies  have  slight  effect.  Unlimited  colors,  from  transparent  to 

— 

100- 

140 

— 

500- 

3,500 

— 

1.1- 

1.5 

36 

opaque.  Also  called  vinyl  butyral.  Available  in  sheets  and  flakes. 

210- 

320 

— 

0.5- 

1.0 

4,000- 

6,000 

— 

1.2 

5- 

8 

Polectron.  High  heat  distortion  point.  Retains  excellent  electrical 
characteristics  up  to  3,000  me  even  at  high  temp. 

— 

150- 

175 

— 

1,000- 

9,000 

— 

1.2- 

1.6 

— 

Chemaco;  Geon.  Excellent  chemical  resistance,  low  water  absorp¬ 
tion.  For  extruded  wire  covering  and  tubing. 

150 

150 

0.5 

4,000 

M50 

1.75 

19 

Saran.  High  tensile  strength.  Practically  inert  chemically.  Excel¬ 
lent  molding  qualities. 

120- 

130 

130 

0.2- 

0.3 

4,000- 

7,000 

— 

1.35- 

1.4 

7 

Chemaco;  Tygon;  Vinylite.  Varying  composition  and  degree  of  poly¬ 
merization  gives  wide  range  of  properties  for  extrusion,  molding,  casting 
and  surface  coating.  High  gloss.  Used  for  insulation,  radio  dials  and 
windows,  transcription  records,  unbreakable  home  records,  grommets, 
and  name  plates.  Unlimited  range  of  colors.  Elastomeric  (flexible 
like  rubber). 

— 

125 

— - 

8.50 

— 

1.7 

— 

— 

1.50 

— 

1,000- 

9,000 

— 

1.2- 

1.6 

0.3- 

0.5 

160- 

170 

— 

0.5- 

1.0 

9,000- 

12,000 

M80 

1.2- 

1.3 

7.7 

Formvar.  Vinyl-base  resin  used  for  extrusions,  castings  and  in  mold¬ 
ing  compounds.  For  wire  insulation,  coatings. 

— 

1.50- 

190 

2.6- 

2.9 

900- 

2,000 

— 

1.1- 

2.7 

— 

Ck>mplac;  Cximpo-Site.  Animal  resin  used  in  making  molding  com¬ 
pounds  used  for  phonograph  records,  insulators. 

217- 

235 

— 

0.25- 
0.35  • 

7,000- 

10,000 

M68- 

M9.5 

1.01 

5.9- 

9 

Plexene;  Textolite.  High  heat  resistance,  low  power  factor,  good 
chemical  and  weather  resistance.  For  r-f  coil  forms. 

140- 

150 

140- 

200 

1.5- 

2.0 

900- 

1,200 

— 

0.95- 

0.97 

18- 

23 

Styraloy;  Styron.  Low  specific  gravity;  floats.  Can  be  used  at  up  to 
435°F.  Rubberlike,  flexible;  for  cable  sheathing. 

117- 

126 

— 

0.28 

4,800 

— 

1.05 

— 

Marbon.  Used  principally  with  synthetic  rubbers  for  wire  and  cable 
insulation.  Light  amber  in  color.  Low-priced. 

270 

170 

0.2 

6,000 

MHO 

1.55 

3.0 

Beetle;  Plaskon;  Rhomte;  Synvarol;  Uformite;  Urac.  Electrically 
nontracking.  For  radio  cabinets,  insulators. 

Maximum  valuM  recommended  for  molded  J^rts 
under  no  stress  for  long  and  short  time.  Some 
are  hi^dier  and  some  lower  than  corresponding 
heat-distortion  temperatures,  hence  both  columns 
should  be  closely  studied  when  considering  appli¬ 
cations  subject  to  heat.  These  temperatures  do 
not  apply  to  parts  immersed  in  water,  chemical 
solutions,  or  solvents. 

ImMct  Strength  Isod:  Minimum  value  in  foot¬ 
pounds  per  inra  notch,  determined  by  \STM 
D  2S6-43T,  which  is  one  of  the  most  widely  used 
tests  for  plMtics.  It  represents  energy  required 
to  break  a  bar  of  plastic  held  in  cantilevw  fashion. 

Tensile  Strength;  Amount  of  load  in  pounds 
per  square  inch  of  cross  section,  required  to  pull 
a  test  specimen  apart. ,  Used  principally  u  guide 
in  apphcations_  primarily  structural,  and  is  valu¬ 
able  identification  ^t  for  the  soft  thermoplastica 
where  impact  teat  is  not  practical.  _ 

Hardneas;  Minimum  value  obtained  by  Rock¬ 
well  test.  The  M  scale  involves  a  }i-inch 

diameter  steel  ball  with  100-kilogram  major  load,  York  17,  N.  Y.,  451  pages  plus  fold-in-cbart , 

while  the  R  scale  uses  a  l^-inch  ball  and  60-  price  $7.50. 

kilogram  load.  The  higher  the  value,  the  greater  i  i,  n  i-  i  .  ■  - 

is  the  hardnms  ‘I- '  Srliman,  Low-Loss  Plastic  Insulation 

Specific  Gravity:  Maximum  vedue  obtained  by  ^^^^TOGNICS,  p  116-121,  June 

ASTM  D  792-44T.  Mia-month  issue. 

C<»fBcient  of  thermal  Expansion,  Unear:  (3)  Tables  of  ProperUes  of  PlasUcs,  PlasUcs 

Maxunum  value,  giving  inches  expanjuon  per  Annual  Directory,  p  127-187,  .May  1947. 

inch  of  length  per  degree  Centigrade  change  in  ' 

temperature  (multiply  values  given  by  lO-]*).  (4)  Thomas  A.  Dickinson,  Plastics  Dictionary, 

Important  when  plastics  are  used  in  conjunction  Pitman  Pub.  Ckirp.,  New  York.  Y.,  19  48, 

witn  metal  inserts  or  metal  components  in  final  312  pages,  $3.00. 

assembly. 

Trade  Names:  Representative  examples  are  ^srburton  Brown  and  Wilbur  T. 

given,  and  in  most  cases  there  are  many  others.  Harris,  An  Introduction  to  Engineering  Plastics, 
Trade  names  are  identified  as  to  manufacturer  Mu^y  Hill  Books,  Inc.,  New  York,  N.  Y., 
elsewhere  in  this  directory! inTrade Name  Index)  1947,  274  pages,  $4.00. 

BIBLIOGRAPHY  ^5)  John  Saaso.  Plastics  Handbook  for  Product 

(1)  SPI  Handbook,  published  by  Society  of  the  Engineers,  McGraw-Hill  Book  C^o.,  New  York 

Plastics  Industry,  Inc.,  293  .Madison  Ave.,-New  N.  Y.,  1947,  $6.00. 
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Properties  of  Laminated  Thermosetting  Plastic  Products 


T 


Laminating  Resin  and  Base 

NEMA 

Grade 

Power 

Factor 

1  me 

Dielec. 

Con¬ 

stant 

1  me 

Dielectric  Strength 

Impact 

Strength 

Izod 

Flexural 

Strength 

psi 

Com¬ 

pressive 

Strength 

psi 

Ten  ale 
Strength 
psi 

Short  1 
Time 

Step  by 
Step 

Lignin  Plastic 

0.041 

6.0 

200 

170 

0.7 

12,500 

27,500 

7,500 

Melamine  Formaldehyde,  Asbestos  Paper  -  0.18  9.0  125  70  1.2  21,000  37,000  9,000 

Malamine  Formaldehyde.  Cellulose  Paper  ■  O  O  550  *^25  0T9  28,000  10,000  17,000 


Melamine  Formaldehyde.  Colton  Fabric  -  0.1  7.0  350  .300  1.1  20,000  40,000  15,000 

Melamine  Formaldehyde,  Glass  Fabric  frS  0.01  772  500  360  30  39,000  65,000  15,000 

Phenol  Formaldehyde,  Asbestos  Fabric  AA  0.41  6.8  .50  30  3.5  20,000  38,000  10,000 

Phenol  Formaldehyde,  A.sl)est os  Felt  -  -  -  70  50  4  31,000  3.5,000  23,000 

Phenol  Formaldehyde,  Asbestos  Paper  A  0.115  5.2  160  95  1.8  16,000  36,000  8,000 

Phenol  Formaldehyde,  Cellulose  Paper  X  0706  O  500  360  O  23,000  35,000  14,000 

Phenol  Formaldehyde.  Cellulose  Paper  P  0.06  6.0  .500  360  1.1  15,000  22,(M)0  8,000 

Phenol  Formaldehyde,  Celhdose  Paper  XX  0.04  5.0  500  360  1.0  16,000  31,000  9,000 

Phenol  Formaldehyde,  Cellulose  Paper  XXP  04  O  500  360  O  16,000  25,000  8,000 

Phenol  Formaldehyde,  Cellulose  Paper  XXX  0.032  TTS  470  320  0.8  15,000  32 , 000  7,000 

Phenol  Formaldehyde,  Cellulose  Paper  XXX P  0  027  575  470  320  CTs  15,000  25,000  7,000 

Phenol  Formaldehyde,  Cotton  Fabric  C  0.1  7.0  150  90  3.2  20,000  38,000  9, .500 

Phenol  Formaldehyde,  Cotton  Fabric  CE  07055  TTS  360  220  O  17,000  36,000  8,000 

Phenol  Formaldehyde,  Cotton  Fabric  L  0.10  7.0  1.50  90  2.5  20,000  35,000  9,000 

Phenol  Formaldehyde,  Cloth  EE  07045  570  360  220  O  19,000  37,000  8,. 500 

Phenol  Formaldehyde,  Gla.ss  Fabric  G-1  0.02  4.5  5.50  400  4.0  21,000  45,000  25,000 

Phenol  Formaldehyde,  Glass  Fabric  G-3  -  -  500  395  10  - - - 

Phenol  Formaldehyde,  Glass  Fabric  -  0.028  5.0  300  200  8.5  22,000  -  14,800 

Phenol  Formaldehyde,  Nylon  Fabric  -  0.03  3.5  175  375  4.5  21,. 500  31,000  9,000 


Phenol  Formaldehyde,  Wood  -  0.05  5  3.50  -  6  32,000  16,000  21,000 


Silicone,  Asbestos  Fabric  -  -  -  100  75  7.5  14,000  45,000 


Silicone,  Glass  Fabric  -  0.0015  -  300  250  10  14,000  35,000  13,000 


Vulcanized  Fiber  -  -  4.7  200  -  4  16,0(M)  26,000  8,500 


NOTES  to  size.  Products,  Aug.  1946)  for  laminates  using  phenolic 

The  materials  listed  above  are  in  most  cases  NEMA  Grade:  Established  by  National  Eileo-  resin  binders  (except  G-5  which  uses  a  melamine 
available  also  as  tubing  and  as  rods  either  trical  Manufacturers  Association  (Pub.  No.  46-  binder). 

machined  from  sheets  or  molded  and  then  ground  118 — Standards  for  I.amioated  Thermosetting  Average  values  are  given  throughout;  actual 


Properties  of  Synthetic  and  Natural  Rubbers 


Material 

Power 

Factor 

at 

1,000  cps 

Dielectric 

Constant 

at 

1,000  cps 

Dielectric 

Strength 

Short-time 

V  per  mil 

Volume 
Resistivity 
at  25“  G 
ohm-cm 

Maximum 

Service 

Temperature 

op 

Tensile 
Strength 
lb  per 
sq  in. 

Butadiene-Acrylonitrile  Copolymer 

0.1 

14 

500-750 

10*-10‘» 

250-300 

3,200-4,000 

Butadiene  Styrene  Copolymer 

0.003-0.005 

7.50 

10‘»-5  X  10“ 

212-300 

2,200-4,000 

Polychloroprene 

0.03 

7.5 

300 

4,000-4,700 

Cyclorubber 

0.0008-0.0018 

2.6-2.7 

620 

2.5  X  10“ 

158-194 

4,800 

Isoprene-Isobutylene  Copolymer 

0.0004-0.0007 

2. 1-2.3 

500-700 

1014_1018 

300 

2,800 

200-300 

790-2,000 

Polyisobutylene  (Polybutene) 

0.0002-0.0005 

2.29 

400-750 

10«-10« 

200-300 

300-1,500 

Polyvinyl  Alcohol 

10»-10» 

2.50-275 

2,000-6,000 

Rubber,  Chlorinated 

0.006 

3 

2.300 

2.5  X  10“ 

140 

2,700-5,000 

Rubber,  Hard,  Mineral  Filler 

0.006 

4.8 

600 

2  X  10“ 

250 

4,000 

Rubber,  Hard,  Without  Filler 

0.004 

3.0 

470 

2  X  10“ 

180 

9,000 

Rubber,  Modified  Isomerized 

0.002 

2.68 

620 

5-7  X  10“ 

165-220 

4,300 

Silicone  Rubber 

0.002-^.006 

3-10 

500-1,100 

10»>-10“ 

55o 

400-700 
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Hard¬ 

ness 

Rock¬ 

well 

Specific 

Gravity 

Linear 

Ebq>an- 

sion 

Water 
Absoi^ 
tion  % 

Typical  Trade  Names  and  Remarks 

M90 

1.4 

.3 

0.8 

Benelex.  Natural  resin  used  by  itself  or  with  pbenolics  as  laminates  and  in  noolding 
compound.>s.  Good  up. to  175F. 

-Ml  15 

1.8 

3.0 

Uilecto.  For  arc  and  fianie  resistant  applications.  For  temp,  up  to  2t5F.  Gray  color- 
All  melamine  laminates  are  TS. 

M12.) 

1.5 

0 , 5 

Uilecto;  Panelyte.  Unlimited  colors,  tough,  strong,  low  water  absorption,  good  chemical 
resistance.  Good  up  to  260F. 

MIIj 

1.5 

0.8 

Formica.  GockI  chemical  resistance,  tough,  excellent  machining  qualities.  For  table  tops, 
panel  boards,  etc. 

M12(> 

1.9. 

1.1 

F’ormioi;  Lamicoid;  Mirarla;  Phenolite;  Taylor;  Textolite.  Strong,  llame-resislant,  for  com¬ 
bat  ship  in.sulation. 

MlOO 

1.7 

.8 

0.85 

Phenol  Fibre;  Dilecto.  Good  resistance  to  beat  and  flame  because  of  high  inorganic  content; 
fabric  is  tougher,  stronger,  and  more  resistant  than  paper  grade.  For  low-voltage  applica¬ 
tions  only.  All  phenol  formaldehyde  laminates  are  thermosetting.  Low  water  absorption 
and  minimum  dimensional  change  when  exposed  to  moisture. 

M115 

1.6 

— 

— 

0.85 

MlOO 

1.7 

SI 

MlOO 

1.4 

2.0 

2.3 

Consoweld;  Farlite  Compreg;  Formica;  Indcron;  lusurok;  Lamitex;  Panelyte;  Pregwood; 
Phenol  Fibre;  Spauldite;  Synlhane.  In  general,  paper-base  grades  have  high  dielectric  and 

1.37 

1.4 

1.9 

M102 

1.35 

1.7 

0.95 

mechanical  strength,  low  moisture  absorption,  and  are  suitable  for  hot-punching.  One 
major  use  is  for  insulation  in  radio  and  electronic  equipment.  Grade  X  is  for  mechanical 
^plications  where  electrical  properties  are  .secondary;  P  is  primarily  intended  for  punching; 
XX  is  suitable  for  usual  electrical  applications,  while  XXP  is  similar  but  better  suited  for 
hot-punchiug;  XXX  is  suitable  for  r-f  work  and  high-humidity  jobs,  while  XXXP  is  similar 
but  with  lower  dielectric  losses  and  is  better  for  hot-punching.  Unlimited  colors. 

M105 

1.35 

.9 

0.95 

M109 

1.35 

1.7 

0.70 

MIU 

1.30 

1 

.8 

0.70 

MlOO 

1.35 

- 

.0 

1.70 

Dilecto;  Formica;  Lamicoid;  Micarta;  Panelyte;  Phenol  Fibre;  Phenolite;  Spauldite; 
Syn thane;  Textolite.  Tough,  good  machining,  opaque,  limited  range  of  colors;  sunlight 
lowers  surface  resistance;  very  low  burning  rate.  NEMA  CTade  C  is  tough  and  strong  for 
gears,  and  has  high  impact  strength^  CE  is  tougher;  L  is  from  finer  cotton  fabric,  not  so  tough, 
while  LE  is  similar  but  tougher,  with  good  moisture  resistance.  All  four  grades  are  unsuited 
for  electrical  applications  except  at  low  voltages.  Certain  other  cloth-base  grades  can  be 
post-formed. 

M104 

1.35 

1.8 

1.2 

MlOO 

1.36 

1.4 

1.4 

M105 

1.34 

1.8 

0.9 

MlOO 

1.6 

.  5 

1.5 

Conolon;  Formica.  Used  primarily  for  resistance  to  heat,  chemicals,  and  fatigue.  High 

M119 

1.7 

1.8 

2.0 

strength  and  high  modulus  of  elasticity.  Some  types  are  good  up  to  400F.  All  are  genersd- 
purpose  heat-resisting  grades,  G-1  being  from  staple-fiber-type  glass  cloth  and  the  others 
cont  inuous-filament-type  glass  cloth.  Unlimited  colors. 

1.67 

— 

— 

2.2 

MHO 

1.15 

— 

— 

0.2 

Dilecto.  Excellent  electrical  insulating  properties,  resistance  to  fungi  and  strength  for  radar 
and  electronic  insulation. 

MlOO 

1.3 

0.6 

7.0 

Pregwood.  Low  burning  rate.  Limited  range  of  colors.  Good  machining.  Used  for 
making  propellers,  insulation,  etc. 

1.75 

— 

— 

1.3 

Form  ica ;  Textolite.  4N'ithstands  temperatures  over  480F,  with  unusual  properties  that  often 
justify  its  nigh  cost.  Limited  range  of  opaque  colors.  Not  affected  by  sunlight.  Does  not 
burn.  Good  machining  qualities. 

MlOO 

1.7 

— 

— 

0.6 

R80 

1.3 

40 

Diamond  Fibre;  National;  Taylor;  Vulcoid;  Wilmington  Fibre.  Not  a  true  laminate;  values 
shown  here  for  comparison. 

values  vary  widely  with  manufacturing  methods  Standard  ASTM  test  methods  were  in  general  per  inch  of  notch  as  described  for  molded  plastics' 

and  chemical  ccmfiositions,  hence  specific  values  used  in  obtaining  the  average  values  given.  Linear  expansion  is  in  inches  per  inch  per  degree 

should  be  obtained  frcm  manufacturers  before  Dielectric  strength  values  are  in  volts  per  mil  for  C  X  I0-*.  Water  absorption  is  for  24-bour 

designing  for  a  particular  application.  K-inch  thickness.  Impact  strength  is  in  ft-lb  immersion  of  H-inch  thickness. 

Elonga¬ 

tion 

at  break 
% 

Specific 

Gravity 

Swelling 
in  Gasoline 
(ASTM  Test) 
%  by  volume 

Typical  Trade  Names  and  Remarks 

(All  values  given  vary  widely  with  formulation  and  compounding  of  material.) 

100-800 

0.96-1.00 

— 

5  to  4-15 

Buna-N;  Chcmigum;  Hycar;  Perbunan;  Butaprene.  Excellent  abrasion  resistance. 

100-700 

0.98 

4-75  to  4-200 

Buna-S;  Chemigum;  GR-S;  Hycar.  Somewhat  more  diflicult  to  machine  than  hard  ruldier. 

800-1,100 

1.15-1.24 

-j- 10  to  “1"45 

GR-M;  GR-MIO;  Neoprene.  Also  called  chlorobutadiene  polymer.  Resistant  to  sunlight. 

1A 

0.97 

Marbon  B.  First  two  values  are  for  1  me.  Used  for  wire  and  cable  insulation. 

300-1,000 

0.91 

4-150  to  4-400 

Butyl  Rubber;  GR-L  Highly  resistant  to  sunlight  and  aging.  Values  are  for  unvukaniMd. 

300-700 

1.27-1.6 

0  to  4-2.5 

Thiokol.  Good  chemical  resistance;  fair  mechanical  qualities.  For  tank  linings,  oil  hose. 

600-1,500 

0.9-0.92 

Soluble 

Vistanex.  U  sually  compounded  with  other  materials  for  wire  insulation,  capacitor  dielectrics. 

300-600 

1.26 

-0.3  to  4-0.7 

Compar;  Resistoflex.  Impervious  to  water-insoluble  solvents;  attacked  by  acids. 

0.5-3.8 

1.64, 

Insoluble 

Parlon.  Resistant  to  acids  and  alkalies.  Darkens  in  sunlight.  Won’t  bum. 

1.25 

1.82 

Softens 

Ace;  Luzerne;  Rubtex.  Resistant  to  alkalies.  Discolors  in  sunlight.  Medium  burning  rate. 
Attacked  by  strong  oxidizing  acids.  Widely  used  for  panels,  terminal  strips,  insulation. 

7.5 

1.14 

Softens 

0.97-1.06 

Marbon  S;  Pliolite.  Resistant  to  acids  and  alkalies.  Slow  burning.  Inert  to  metal. 

50-300 

1. 3-2.1 

Soluble 

G-E  Silicone  Rubber;  Silastic.  With.stands  from  —70  to  500F.  E.xcellent  insulator. 
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RADIOACTIVE  MATERIALS . . . 

radium  series  and  radioisotope  reference  sources  with  decay  characteristics; 
range  of  beta  particles  in  aluminum,  and  lead  absorption  of  gamma  radiation 


A  Portioo  of  the  Radium-Uranium  Disintegration  Series 


Source 


Half-Ufe 
hours,  days 
or  years 


Elmission 


Maximum  Radiation  Energy 
in  million  electron  tolls 


a  or 


7-Ray 


Remarks 


Uranium  Ui . 

Uranium  UXi . 

Uranium  Uii . 

Ionium  lo . 

Radium  Ra . 

Radon  Rn . 

Radium  RaD  (Radio  lead) . . . 

Radium  RaE . 

Radium  RaF  (Polonium,  Po) 


4.51  X  10»y 
24.5  d 

2.69  X  10‘  y 
.8.3  X  lO^y 
1,590  y 
3.85d 
22  y 
5.0  d 
140  d 


a 

ft-,  7 
a 

«.  7 
«.  7 
a 

ft  —  ,  7 

P- 

a.  7 


4. 15-^.  23 

0.11-0.30 

4.71-4.78 

4.66-4.81 

4.79 

5.49 

0.03 

1.17 

5.3 


0.92 


radiography,  neutron  sources, 
luminous  dials,  static  elimi¬ 
nators,  radioactive  resistors, 
measuring  liquid  levels,  medical 
applications 


Some  Commonly  Used  Radioisotopes 


Potassium  K** . 

12.4  b 

fi-,  7  . 

3.5 

1.51 

heart  and  nervous  diseases 

Iodine  P*® . 

Zinr.  Zfi*» . 

12.6  h 

13.8  b 

14.8  h 

<3-,  7 

0.61-1.03 

0.6 

0.44 
1.4-2. 8 

Sodium  Na** . 

y 

y 

1.4 

heart  research,  gangrene 

Bromium  Br“ . 

34  h 

fi  —  ,  7 

0.47 

0.55 

Iodine  1“* . 

8d 

8.5  d 

14  d 

/3-.  7 

0.6 

0.37 

1.1 

plant  hormones 

Phosphorus  P” . 

/S-,  no  7 

1.7 

circulatory  diseases,  metabolism 

Sulphur  S** . 

87  d 

/3- 

0.107-0.120 

— 

l>enicillin  action 

Calcium  Ca** . 

/3-,  7 

0.2-0. 9 

0.7 

plant  nutrition,  bone  formation 

Zinc  Zn“ . 

/3+I  7 

0.4 

0.45-1.14 

Iron  Fe“ . 

4y 

0.15 

— 

anemia,  wear  of  bearings 

Cobalt  Co*® . 

5.3  y 

fi  —  ,  7 

0  3 

1.3 

Strontium  Sr*® . 

25  y 

/3  — ,  no  7 
d  — ,  no  7 

0.6 

0.145 

Carbon  C^* . 

5,300  y 

— 

'  cancer  research,  plant  physiology 

Ranges  and  Maximum  Elnergies  of  Beta  Particles  in  Aluminum  * 


Radioisotope 

Half-life 

Range®  {mg  per  cm*) 

Max  Energy  (met) 

Radium  Ra*** . 

6.7  years 

6 

0.053 

Rubidium  Rb** . 

6.3  X  10*»y 

20 

0.132 

Columbium  Cb®* . 

35  days 

30 

0.154 

Lutecium  Lu‘** . 

7.3  X  10*®  y 

48 

0.215 

Cobalt  Co*® . 

5.3  y 

80 

0.300 

2^conium  Zr  •* . 

65  d 

120 

0.394 

Iodine  I*** . 

8.0  d 

210 

0.595 

Antimony  Sb‘** . 

60  d 

250 

0.74  > 

1,200® 

2.45 

Barium  Ba**® . 

12.8  d 

420 

1.05 

Cadmium  Cd*** . 

2.33  d 

520 

1.13 

Bismuth  Bi*^® 

5.0  d 

476 

1.17 

Strontium  Sr** . 

53  d 

1  730 

1.5 

Tellurium  Te‘** . 

70  minutes 

800 

1.8 

Yttrium  Y*® . 

65  hours 

i  1,0.50 

2.2 

Protactinium  Pa*®* .... 

1. 14  m 

1,105 

2.32 

Praseodymium  Pr***. . . 

17.5  m 

1  1,550 

3.07 

('^)  Abridged  from  Nucleonics 

(*)  Rauge  ia  determined  by  absorption  of  beta  particles  in  aluminum 
(C)  oomponenta  of  the  branched  decay  of  Sb>** 

(^)  Reprinted  by  permiaaion  of  Traoeriab 


Lead  Absorption  of  Gamma  Rays  ** 
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WAXES 


dielectric,  physical  and  chemical 


Characteristics 

Acrawax 

c. 

A-355 

Amber 

Apiezon 
Wax  W 

Beeswax,  Beeswax, 
White  Yellow 

Cerese 

Wax, 

Brown, 

G 

Ceresine 
135/8  std 
YeUow, 
Syn. 

Cenoo 

Sesdstix 

11430 

Hsdowax 

1001 

Halowax 

1013 

Dielectric  Constant 
at  1  megacycle 

2.4 

2,65 

2.65 

2,5  2.9 

• 

2.27 

2.25 

3.22 

3.7 

4.5 

Loss  Tangent"* 
at  1  megacycle 

0.002 

0.0056 

0.0025 

0.01  0.01 

0.0011 

0.0005 

0.024 

0.0038 

0.008 

at  10  megacycles 

0.0015 

0.0068 

0.002 

0.006  0.0095 

0.0006 

0.0005 

0.027 

0.01 

0.078 

at  100  megacycles 

0.0012 

0.008 

0.0016 

0.005  0.0095 

0.0004 

0.0005 

0.025 

0  13 

0.12 

Density  at  25  C 

0.975 

1.06 

— 

0.95  0.946 

0.922® 

0.881® 

1.19 

1.51 

1.65 

Melting  Point,  C 

137 

— 

— 

62  45-64 

76.7 

138 

— 

— 

— 

Temperature,  Soft,  C 

— 

200 

80-90 

62-65  - 

— 

57 

80-85 

91 

119-122 

Flash  Point,  C 

285  • 

— 

— 

-  - 

237.8 

202 

Flamma- 
bUity  low 

Does  not 
bum 

Does  not 
bum 

Chemical  Resistance 
to  water 

Excellent  Excellent 

— 

-  - 

Excellent 

— 

Excellent 

Good 

Good 

to  alcohob 

Good 

Poor 

— 

-  - 

— 

— 

Poor 

— 

— 

to  hydrocarbons 

Poor 

Poor 

— 

-  - 

— 

— 

— 

Poor 

PfM)r 

to  acids 

— 

— 

— 

-  - 

GrfX)d 

— 

Excellent 

Good 

Good 

to  alkalies 

— 

Good 

— 

- :  - 

Excellent 

— 

P(X)r 

Good 

G(kk1 

to  oxygen 

— 

— 

— 

-  - 

Good 

— 

— 

Good 

(iood 

Appearance 

Hard, 

brown 

Qear- 

yellow 

red 

brown 

Black 

White  YeUow. 

opaque 

Brown, 

trans¬ 

lucent 

solid 

YeUow 

and 

opaque 

Light 

brown 

White  to 

pale 

yeUow 

Light 

straw 

Composition 

Cetyl 

aceta¬ 

mide 

Fossil 

resin 

Blanched - 

beeswax, 

U.  S.  P. 

Petrol¬ 
eum  wax 

Vegetable 
and  min- 
ered  waxes 

DeKho- 

tinsky 

cement 

Chlor¬ 

inated 

naphtha¬ 

lene 

Chlor¬ 

inated 

naphtha¬ 

lene 

Acid  Value 

<10 

— 

— 

18-24  - 

0.01 

— 

— 

— 

— 

Saponification  Value 

— 

— 

— 

90-101  - 

0.01 

— 

— 

— 

— 

Solvents 

Ether,  - 

carbon 

tetrachl., 

naphtha, 

turpen¬ 

tine 

Benzene, 

toluene, 

petrol¬ 

eum 

solvents 

Methods  of  Handling 

(Import¬ 
ed  as  six 
inch 
sticks) 

Pouring, 
flash  dip 
impreg¬ 
nate, 
surface 
coating 
in  solu¬ 
tion 

Uses 

Insula-  - 

tion, 
stop-off 
for  plat¬ 
ing,  im¬ 
prove 
resistance 
of  var¬ 
nish  to 
salt 
spray 
and 
water 

Sealing 
wax  in 
vacuum 
systems 

Leather  - 

dressing, 

polishes, 

molding 

Insula¬ 

tion, 

moisture 

proofing 

Rigid  Dielectric  Applica- 

cement  in  paper  tions 

for  instru-  capacitors  where 
ments,  resistance 

apparatus  to  burn¬ 

ing, 

chemical 

resistance 

and  high 

softening 

point 

required 

*  Lorn  Tangent  Loas  Factor/Dielectric  Constant. 

*  Approximately  15C. 

Abnoged  from  Tables  of  Dielectric  Materials,  Report  V,  Laboratory  for  Insulation  Research.  MIT,  NDRC  Contract  OEMsr-191. 
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properties  of  wax  materials  for  insulating,  coating  and  sealing  applications 


Halowax 

Halowax 

Plicene 

135 

132“ 

Ozokerite 

Permafil 

Cement 

A.  M.  P. 

ASTM 

1014 

11-314 

Opalwax 

Wax 

'  Parowax 

C26A2 

11441 

Wax 

Paraffin 

0.008 

0.00032 

0.11 

0.0008 

0.0002 

0.030 

0.0025 

0.0001 

0.00012 

0.058 

0.00068 

0.055 

0.0007 

0.0002 

0.033 

0.0021 

0.0001 

0.00011 

0.6 

0.0025 

0.0027 

0.0006 

0.0002 

0.031 

0.0016 

0.0001 

0.00013 

1.76 

0.98 

0.9 

0.892® 

1.31 

1.02 

0.81® 

35-63 

86 

53 

50 

80 

56 

56 

136-139 

Does  not 

Self- 

Flammability  200 

213 

20 1-218 

bum 

extinguishing 

high 

Good 

Elxcellent 

Excellent 

Excellent 

Good 

Excellent 

Excellent 

Extrellent 

ijiOOCl 

PI 

Good 

Good 

Excellent 

Good 

Good 

Excellent 

Good 

Good 

Good 

Excellent 

Excellent 

(lood 

Excellent 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Good 

Pale  yellow 

White, 

Pearl  white 

Opaque, 

White 

Amber, 

Opaque, 

Yellow 

White  solid, 

crystalline. 

brown- 

transparent 

black 

translucent 

opaque 

black 

Chlorinated 

Dichloro- 

Hydrogen- 

Native 

Petroleum 

Cross-linked 

Low-loss 

Paraffin 

naphthalene 

naphthalene 

ated  castor 

paraffin 

wax 

addition 

paraffin 

wax 

oil 

polymer 

175-185 


Applications 
where  resis¬ 
tance  to 
burning 
chemical 
resistance 
and  high 
softening 
point 
required 


Benzene 

toluene, 

petroleum 

solvents 


Surface  coats;  Impregnation  Pour,  Qash 
emulsify,  dip,  impreg- 

spread  and  nate;  corn- 

dry  pression 

molding,  sur¬ 
face  coating 


Insulation,  Waterproof  Coating  and  Coil  impreg- 

make  fibrous  insulation,  sealing  nation. 


Casting  or 
impregnation 


materials  paper, 

grease,  oil  temporary 

and  water-  sealing 

proof 


laminated 

materials 


Hydrocar¬ 
bons  and 
chlorinated 
solvents 


Pour,  Hash  Surface 
dip,  impreg-  coat, 
nate,  com-:  impregnate 
pression 
molding 


Temporary  Water¬ 
sealing,  repellant 

paper  coatings, 

impregna-  impregnate 
tion  fibrous 

materials 
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Abroa  . M-24 

Acetal  reaina.M-10 

Acetone  . M-6 

Aconateel  ....  M-2 

Aconatex  . M-3 

Aconatl- 

CeloMx . M-8 

Aconatiflbre  ...M-3 
Aconatimetal  .  .M-3 
Aconatone  F . . .  M-3 
Acrawax  ....M-SM 


Acrylate  realna 

M-10 

Adhcaivea  ....M-6 

Advance . M-27 

Aerallojr . M-28 

Alracouatic  ...M-S 
Ajax  Moneat,  Half. 

Half.  Solder.M.26 
Alchrome  ....M-25 

Alcrca . M-25 

.\lkyd  realna.. M-10 
Alloy  ..M-25.  M-28 

Allyl  reain _ M-30 

Alnlco . M-82 

aintered  ...M-22 

Alpliate  . M-25 

Alumel  . M-27 

Alumina.  .M-4.  M-6 
Aluminum 

M-10.  M-28 
chloride  ....  M-6 
metaphoapliate 

M-6 

alllcate  natural 
fired  atone. M-4 
alllcatea  .  .M-6. 

molded  . .  .  M-4 
aoldera 

M-26.  M-27 

aulfate  . M-6 

Amber  .  .M-6.  M-38 
Aniline  formalde¬ 
hyde  reain.. M-SO 
Am^iainK  ...M-10 
Antimony  ....M-S6 

Apteson  . M-S8 

Arrentan  voider 

M-27 

.4rffon  . M-8 

Arreatone . M-2 

A.S.T.M.  aoldera 

M.26 

Aabeatoa  ....M-S4 
Audltone  . M-3 


Baral  . M-28 

Barium  .M-28.M-36 

Barlo  . M-25 

Barmay  . M-28 

Batea  aluminum 


Bolder  .... 

.M-27 

Bayol  . 

.51-18 

Beeawax 

.M-38 

Beraloy  .... 

.M-28 

Beryllium 

M-28. 

M-29 

Biamuth 

M-26, 

M-S6 

BItumlna,  ... 

.M-10 

Bohn  . 

.51-86 

Bonderizing 

.M-10 

Bourbouae  .  . 

.M-86 

Bower-Barlff 

.M-10 

Brightray  . . 

.M-84 

Bromium  .  . . 

.  M-36 

Bronze  . 

.51-88 

Bnrgeaa  .... 

.M-86 

Butadiene 

.51-34 

Cable  oil. . . . 

.51-18 

Cadmium 

M-lO, 

51-86 

borate 

.51-17 

aolder  .  . .  . 

.  51-26 

aulflde  .  .  .  . 

.M-17 

tungatate  . 

.M-17 

Calcium  .  .  .  . 

.51-36 

Phoaphate 

.M-17 

Tunatate 

.M-17 

Calldo . 

.M-25 

Calloy  atrontium 

aluminum 

.  51-29 

Calomic  .  .  .  . 

.M-85 

Carbon  . 

.M-S6 

ateel  . 

.M-28 

tetrachloride 


M-7.  M-8 
Carnauba  wax.  M-7 

Caaeln  . M-30 

Cant  iron  ...M-20 
Caaln  . M-27 


Celluloae  ....M-34 
acetate  ....M-30 
acetate  buty¬ 
rate  . M-SO 

nitrate  ....  M-30 
propionate  .M-30 
Cenco  Sealatlx 

M-38 

Ceramic  coat- 
insa.  hlgh- 
temperature  M-10 
Cereae  wax  .  .M-S8 
Cerealne.M-7.  M-38 
Chlorinated  rub¬ 
ber  . M-IO 

Chlorobutadlene 


polymer  . . 

M-S4 

Chroman  alloya 

M-25 

Chrome  . 

M-24 

Chromium  . . 

M-10 

Chromnickel 

M-84 

Chrome  nickel 

M-24 

ateel  . 

M-23 

Chromel 

Jil-84, 

M-27 

Chromizing  . 

M-10 

Chronln  .... 

M-87 

Cloth  . 

M-S4 

Cobalt . 

M-S6 

Klee . 

M-20 

Cold-molded  com- 

pound  .... 

M-SO 

Columbinm 

M-89, 

M-36 

Comol . 

M-22 

Combarloy  . . 

51-88 

Comet  . 

M-25 

Conductive  coat- 

lug  . 

.M-7 

Conatantan  . 

M-27 

Copel  . 

M-26 

Copper.  M-28, 

M-89 

alloya  .... 

.51-85 

deoxidized 

.M-29 

nickel.  M-25 

,M-27 

oxide . 

.M-16 

aulfate  .  . . 

.M-7 

Copperweld  . 

.M-11 

Cordierite  . . 

.51-4 

Corkouatic  . . 

.M-2 

Cornaude  aolder 

M-27 

Cornlnx  Klaaa.M-4 
CorronizinK  .M-11 

Cotton  . M-S4 

Creoaote  .  .  .  .M-11 
Cromaloy 

M-24.  M-25 

Cromin . M-25 

Cronit . M-25 

Cruiya  alumi¬ 
num  aolder.  M-27 
Conic  .  .M-26.  M-37 

Cnnieo  . M-22 

Cuiiife  . M-22 

Ciipaloy  . M-28 

Cnporn  . M-27 

Cuahionton  . .  .M-2 
Cyeiorubber  ..M-34 

D-C  fluid _ M-18 

D-H  alloy 

M-25.  M-27.  M-28 

nickel  . M-24 

Beletoa  alloy.  M-27 
Diamylammo- 

nium  . M-7 

Dlchlorodlflnoro- 
methane  ....M-9 
Dichlorotetra- 

fluoroethane  .M-9 
Dlc.vclohexyl  ..M-7 

nilver . M-29 

Dimethylamine. 

M-9 

nippit . M-26 

Dullray.  Frigidal. 

M-25 

Dumet  . M-29 

Fconaconatlc  .  .M-3 
Kleetrical  sold 

alloy  . M-28 

Kleetrical  ateel 

M-20 

Klectroxalvaniz- 

inx . M-11 

Klectroplatinx 

M-11 

Klectropollahina 

M-11 


Klkonite . M-28 

Klkonlnm  ....M-28 


Knamel  . M-11 

Ktbyl  celluloae 

M-SO 

Kthyl  polycbloro- 


benzene  ...M-18 
Bthylamlne  ...M-8 
Kureka . M-8  7 

Faaaloy  . M-88 

Faatell  . M-28 

Fercaloy  ....M-25 
Ferniehrome  .  M-28 

Fernlco . M-29 

Ferry  . M-27 

Flberslaa . M-3 

Flbracouatic  ..M-3 

Fibretex . M-3 

Fibretone . M-3 

Filnie  . M-28 


Firata  apecial.M-26 
Foraterlte  ....  M-4 
Fractol  A . .  . .  M-18 
French  alloy.. M-2 6 

Gallium  . M-89 

Garnet  . M-18 

Gerntan  allver 

M-26.  M-28 
aolder  M-86,  M-27 
Glaaa  fabric.. M-34 

Gibaaloy . M-88 

Gilaonite  ....M-18 

Glowray . M-24 

Gold  .  .M-87.  M-28 
Government 

bronze . M-28 

Granodlzlnr  .M-11 
Graphite  (car¬ 
bon),  iron.. M-29 

Gridnie . M-89 

Grimm’a . M-86 

Gun  metal  ...  .M-28 

Halowax  ....M-38 

Oil . M-18 

Handy  ailver 

aolder  . M-27 

Hard-facinc  .M-11 

Helium  . 51-9 

Henaler  alloy. M-20 

Hoakina  . 51-29 

Hydrocarbon 

polymera  ..51-11 
Ilydroxen  ....51-9 
Hydrog-en  aulflde 

M-9 

Hymn  80 . M-80 

Hytemco  ....M-84 

la-Ia . M-27 

Ice . M-18 

Ideal  . 51-87 

Ignition  aealing 
compound  .51-18 

Imphy  . M-27 

Inhibitor  .  .  .  .M-11 

Iodine . M-36 

Ionium  . M-36 

Iron  . 51-36 

Powder  ....  51-20 
laomerlzed  rubber 
51-11 

laoprene-lao- 
butyiene  copo¬ 
lymer  . M-34 

laotopea,  radio¬ 
active  . M-37 

Jeliff  alloy.  .51-24 

Kanthal  . M-25 

Konel  . 51-29 

Konatantan  ..M-26 

Kovar . M-89 

Kromac  . 51-24 

Kromore  ....51-24 

Kruppln  . 51-25 

Kr.vpton  mercury 
vapor  . M-9 

liacquer  . M-ll 

I.ead  . M-11 

Kignin  pIaatic.M-34 

L.ohm  . M-25 

Kohmanniz- 

ing . 51-11 

L.o-I,nminam  .M-26 

I.iibaloy  . 51-28 

I.iicerno  . M-85 

I.ncero  . M-2. 5 

I.unge  Reaiat- 

ance  . M-8.’( 

I.ntecinm  .  .,  .51-36 

5Iagnetir  iron. M-20 
51agno  . 51-24 


51allory  metal. M-28 
Manganeae  copper 
M-25 

Manganln  ...M-87 
Mangonic  ....M-87 

Mangrid . M-80 

Melamine  formal¬ 
dehyde 

M-30.  *te-S4 
Melamine  realna 

M-11 

Mercury  vapor. M-8 
Methyl  bromide 

chloride  ....  M-8 
methacrylate 
(acylic)  .M-SO 


Mlcalex  . M-18 

Mldohm  . M-25 


Mllwaloy  ....51-28 
Mlnargent  ...M-27 
51lneral  wool.. 51-2 
Miaeh  metal.. M-88 
Mo  permalloy  .51-80 
Mo-Perminvar  M-80 
Molymet,  mag- 
nealum  ....M-29 
Mond  metal..  M-24 
Monrey  aluminum 
M-26 

Mu  Metal _ M-20 

Mufiletone  ....M-2 

Mnllite  . 51-4 

5lycalex . M-18 

Myatic  metal.  51-26 


Neon . M-9 

Newloy . M-25 

Nlchroloy  ....51-24 
Nichrome  ....M-26 
Nickel 

M-12.  84.  27.  88 
Nickel,  electrical 

ateel  . M-20 

Nlckel-cIad  ateel 

M-12 

Nickel  allver.  .M-86 

Nickclene _ M-27 

Nickelin 

M-85,  M-26 
Nllatain  416.  .51-29 
Nipermag  .  .  .51-22 
Nltrocelliiloae 

pyroxylin  ..M-30 

Nitrogen  . 51-9 

Non-Parcil  ...51-26 
Nylon  fabric.  M-S4 
Nylon  (polya¬ 
mide)  . 51-30 

Odeaaa  . M-87 

Ohm  alloy. .  .  .M-25 

Ohmal . 51-25 

Ohmaloy  ....51-25 
Omega  brand. M-28 

Opalwax . M-38 

Organic  poly- 

Niilflde . 51-34 

Oriented-grarin 

elec,  ateel. ..M-20 

Oxidea  . 51-18 

Ox.vgen . 51-9 

Ozokerite  .  .  .  .51-39 

Paint  . 51-12 

I’aliney . 51-88 

Palladium  ...M.20 

Paraffin  . M-39 

Parco  ljubrizing 

M-18 

Parkerizing  .  .M-18 
Parowax  ....51-39 
I’aaaivator  ...51-12 
I'eeiable  plaatlc 

M-18 

Permafll . 51-39 

Permalloy  ...M-20 
powder  ....  51-20 
Permendur,  elec¬ 
trical  ateel.  .M-80 
Perminvar,  elec¬ 
trical  ateel.  .M-20 
Petroleum  drying 

olla  . 51-12 

Phenix  . 51-85 

Phenol  formalde¬ 
hyde  .M-30.  M-34 
Phenolic  realna 

51-12 

Phoaphatea  ..51-12 
Phoaphor  bronze 

M-8K 

Phoaphoric  acid  M-8 
Phoaphorua  ..M-S6 


Placet  .,.M-85 

Plating  on  plaa- 

tlca  . M-12 

Plantlnold  ...M-87 
Platinum  ....  M-88 
Platinum  alloya 

M-22 

Platinum  aolder 

M-27 

Pllcene  cement 

M-39 

Polonium  ....  M-36 

Porcelain . M-4 

Potaaaium  ..,M-36 
Polydichloroaty- 

rene . M-S2 

Polyethylene  .  M-38 
Poiyiaobutylene 
(poly  butene) 

M-S4 

Polyatyrene  ..M-S2 
Pulytetrafluoro- 
ethyiene  ...M-32 
Polyvinyl  bntyral 

reain  . M-38 

Carbazole  ..M-32 
Chloride  ...M-33 
Polyvinylidene 
chloride  ...M-32 
Praacodymlum 


M-36 

Premier  . 51-25 

Prlmol  . 51-18 

Protactinium  .M-36 
Protectatin  ,  .M-12 

Pyranol  . M-18 

Pyromic . 51-84 


Quartz.. M-4,  M-14 
M-15 

Quickailver  aolder 


Radio  alloy. .  .M-25 
Radioactive 

laotopea  ...51-37 

Kadiohm  _ 51-28 

Radiometal,  elec¬ 
trical  ateel.  .M-20 

Radium  . 51-36 

Radon  . 51-36 

Rayo . 51-24 

Red  ray  metal 

51-84 

Remrlloy  ....M-28 

Realna  . 51-11 

Reaiatin  . 51-25 

Rheot'vn . 51-25 

Richarda  _ 51-26 


Richloy  aolder 

51-26 

Riveraide  alloy 

M-28 

Roeach  . 51-2  7 

Rubber. M-12,  51-34 
Rubiflium  ...M-36 


8.A.K.  Soldera 

51-26 

Sanacouatic  ..51-2 

Scovill  . 51-86 

Sea  water. ..  .51-18 
Selenium  ....51-16 
Sendiiat  powder 

51-20 

Shellac  . 51-18 

compound  ..51-32 
Shcrardizing  M-18 
Silicon  core  iron 


51-20 

Cryatala  ...51-16 

Nickel  _ 51-84 

Silicone . M-8 

rubber . M-3 1 

Silmanal  _ 51-22 

Silver  .  .M-28.  M-29 

Alloya . 51-28 

Solder . 51-27 

Slicker  aolder. M-86 
Sluahing  Com- 
pounda  .  .  .  .M-13 
Smith  alloy ...  51-25 

Sodium . 51-36 

c.vanide . M-8 

ailicate  _ M-8 

vapor  . M-9 

Solder  .51-86.  51-27 
So-lnminum  ..51-26 
Sorbitol  . M-8 


Sprayed  metal 

51-13 

Spring  oreide 

M-28 


Steatite  . 

.M-4 

Steb  metal... 

M-28 

Sterling  . 

Sterling  allver 

M-26 

aolder  . 

M-27 

Stitching  wire 

M-24 

Strontium  . , 

M-S6 

Styrene  .... 

M-38 

Sulfur  .M-18, 

M-36 

dioxide  . . . 

.M-8 

Sulfuric  acid. 

,  .M-8 

Superior  .... 

.51-24 

Nickel _ 

.M-84 

Supermalloy 

.51-20 

Super-X  .... 

.M-88 

Sylvaloy  .... 

.M-89 

Tantalum  . . . 

.M-89 

Nickel  .... 

.M-29 

Tellurium  .  . 

.M-36 

Temperature  com- 

penaator  . . 

.51-20 

Tenaite . 

.M-20 

Therlo . 

.M-2S 

Tico  . 

.51-85 

Tin  . 

.M-13 

xlne  coating 

M-IS 

Tlnman’a  aoldera 


M-26 

Titanatea . M-4 

Titanium  dioxide 

M-4 

Tophet  . M-24 

Tranaformer  ateel 

51-80 

Tranail  oil.  . .  .M-18 
Tranaite . M-3 


Trichloromono- 

fluoromethane 

M-0 

Tungaten  ,...M-29 
ateel . M-22  > 


Vltraaonic  tinning 
of  alnnUnum 

M-13 

Cranium  ....M-36 
Crea  formalde¬ 
hyde  . 51-32 

Crea  realna. .  .M-13 


Varniah  . M-13 

Vectolite  _ 51-22 

5'eatalin  . 51-25 

Vlcalloy  _ 51-28 

Vinyl-type  coat¬ 
ing  . 51-13 

Vltreoua  enamela 

51-13 


Vulcanized  fiber 


M-34 

IVaraloy . 

.M-86 

B’ater . . 

.51-18 

B  eiger  . 

.M-87 

IVIlco  ailver 

Bolder  .... 

.51-87 

B’ilcoloy  . . . , 

.51-28 

55’llmott’a  ... 

.M-26 

Wood  ..M-18, 

51-34 

B’rought 

nichrome 

51-25 

Wueat . 

.51-27 

Xenon  . 51-9 

Yttrium  . 51-36 

Zelco . 51-26 

Zinc  . .  .51-13,  51-36 
Aalener  zinc 

alloy  _ 51-27 

Beryllium  alll¬ 
cate  . . .  .M-17 
Cadmium  aul- 

flde  . M-17 

Chloride  ...51-13 
Meta-araenlte 

51-13 

Ortlio-alllcate 


M-17 

Phoaphate  .M-17 

Silicate _ 51-17 

Sulfide  _ M-17 

Baae  flniah.M-13 

Zlnfo  . 51-18 

Zirconium 

M-89,.M-S6 

Zndiae . 5f-86 

Zorite  . M-25 


M-40 
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CONSULTING  ENGINEERS 


LECTRONICS  presents,  in  this  directory  oi  consulting 
engineers  actire  in  its  Held,  the  results  of  a  surrey. 
The  first  column  lists  names  and  addresses.  An  asterisk 
after  a  name  indicates  that  patent  matters  are  handled,  in 
addition  to  the  work  noted  in  subsequent  columns. 

The  second  and  third  columns  indicote  the  type  oi  consult¬ 


ing  work  done.  Numbers  in  these  columns  proride  a  further 
breakdown,  and  are  explained  at  the  bottom  oi  this  page. 
Some  types  of  work  hare  been  consolidated.  For  example: 
test  equipment  consultants  are  listed  under  instrumentation 
(5).  and  radiation  consultants  are  listed  under  wore  propago- 
tion  (11). 


Name 

Communi¬ 

cations 

Indus¬ 

trial 

Design  Models 

Area 

ABISLAIMAN.  ALBERT 

P.  0.  Box  4.  Havana,  Cuba 

4 

• 

Cuba 

ADAIR.  S.  E. 

4500  Thorndale.  Chicago.  III. 

10-25 

1-2 

• 

300  miles 

AERO-MARINE  RADIO  LABORA¬ 
TORY* 

Foster  Reid.  Stonington.  Conn. 

17 

17 

• 

75  miles 

AIRCRAFT  ELECTRONICS 
ASSOCIATES 

1031  New  Britain  Ave..  Hartford,  Conn. 

4-10 

17  26 

• 

200  miles 

AGRICULTURAL  AVIATION  CO. 
Colusa.  Calif. 

12-3 

• 

• 

national 

ALLIED  RESEARCH.  INC.* 

667  Blaine.  Detroit.  Mich. 

12  17  20 

1  5-6^ 27- 
29 

• 

• 

national 

ALLISON  ASSOCIATES* 

2254  S.  Sepulveda  Blvd.,  Los  Angeles. 
Calif. 

10  17 

12  5-21- 
26 

• 

• 

national 

AMERICAN  INVENTORS  SERVICE 
CO.* 

656  Spitzer  Bldg.,  Toledo,  Ohio 

15 

15 

• 

national 

AMY,  ACEVES  &  KING.  INC.* 

132  Nassau  St..  New  York.  N.  Y. 

1  1(425-30 

• 

national 

ANDERS.  JOHN  F. 

Kitchawan,  N.  Y. 

17  21 

• 

• 

national 

ANDERSON.  LOUIS  L 

412  Norton  Bldg.,  Louisville,  Ky. 

17 

17 

• 

national 

ANDERSON  &  MERRYMAN  4  10  26^  27 

715  AiTidTican  Bank  Bldg.,  Lake  Charles. 

Lit 

• 

national 

ANDREWS.  L.  W. 

1927  College  Ave.,  Davenport.  La. 

4  10-11- 
12 

17  2S^30 

• 

national 

APPLIED  SCIENCE  CDRP.  OF 

5 

8 

• 

national 

PRINCETON 

U.  S.  Highway  No.  1,  RFO  4,  Trenton. 
N.  J. 


ARCHETTI.  ALDO  412  25 

464  Woodcliff  Ave.,  Hudson  Heights, 

• 

10  miles 

N.  J. 

ARDNER  A  ARDNER 

2625  N.  Meridian  SL,  Indianapolis.  Ind. 

1-2-5-17  • 

• 

state 

ARNOLD-STUBENBORD.  INC. 

220  Myrtle  Dr.,  San  Antonio,  Texas 

8  9  • 

• 

national 

AUDIOPHONE  4-10 

30  • 

• 

100  miles 

32S  19th  St.  Oakland.  Calif. 


CgnMnimi-  Indue- 

Name  cations  trial  Design  Models  Area 


AUSTIN.  A.  0.  7 

Box  109,  Barberton,  Ohio 

7  • 

national 

AUTOMATIC  ELECTRIC  CO.  10 

1033  West  Van  Buren  SL,  Chicago,  III. 

10  • 

natktnal 

BACON.  J.  W. 

2001  Bay  View  Dr..  Hermosa  Beach. 

Calif. 

1-12  • 

• 

state 

BALCO  RESEARCH  LABS.*  24 

580  Market  St.  Newark.  N.  J. 

8  • 

• 

national 

BANKER  ELECTRONICS  5 

688  Main  Ave.,  Passaic,  N.  J. 

0-17 

• 

national 

BARRET.  INC..  WIUIAM  M. 

909  Giddens  Lane  Bldg.,  Shreveport.  La. 

9  • 

inter¬ 

national 

BARRON.  JOHN  4  10  25 

1052  Warner  Bldg.,  Washington,  0.  C. 

• 

national 

BARRY  CORPORATION.  THE  2 

179  Sidney  SL,  Cambridge.  Mass. 

2  • 

• 

national 

BATCHELOR.  JOHN  C.*  15 

52  Wall  SL.  New  York.  N.  Y. 

15 

• 

national 

BATCHER.  RALPH  R. 

240. 02  42nd  Ave.,  Douglaston,  N.  Y. 

5  • 

• 

national 

BEARDSLEY.  W.  S.  5-10 

Box  573,  La  F^e.  Texas 

• 

2J0  miles 

BENNS.  JR..  WM.  4 

P.  0.  Box  24^  Birmingham,  Ala. 

• 

1500  miles 

BERKELEY  SCIENTIFIC  CO.* 

601  Nevin  Ave.,  Richmond.  (^1. 

12  5^8-9-  • 

17  23  23 

• 

national 

BERNARD.  S.* 

23-28  41st  Ave..  Long  Island  City.  N.  Y. 

1  2  3  0^  • 
12-15-17-19 

• 

national 

BERNARD  ASSOCIATES  4 

4304  Melrose  Ave.,  Hollywood.  Calif. 

• 

national 

BERRY.  JAMES  S.* 

P.  0.  Box  308,  Savannah,  Tenn. 

1  2-12-17  • 

• 

state 

BLAIR.  W.  8 

Locust  Point  Rd..  Locust.  N.  J. 

8  • 

200  miles 

BLOEMSMA.  IR.  J.*  1&  11 

551  Mient,  The  Hague.  Holland 

12  26  • 

^  Holland 

BOND  RES.  LABORATORIES.  INC. 

80-64  Winslow  Ave.,  Somerville.  Mass. 

12  2(424  • 

• 

national 

BOSSARD.  G.* 

21350  Lovain  Rd.,  Cleveland.  Ohio 

12-5  13  17  • 

20 

national 

BOYCE,  H.  JAY* 

313  Main  SL,  Danbury,  Conn. 

H7  20  21 

• 

300  milea 

(1)  Electrical  (2)  Mechanical  (3)  Hydraul  ic  (4)  Broadcasting  (5)  Instrumentation  (6)  Chemical 
(7)  Insulation  (8)  Applied  Physics  (9)  Geophysics  (1 0)  Communications  (11)  Wave  Propagation  (1  2)  Radio  Receiver 
Des'gn  (1  3)  Recording  (1 4)  Welding  (1  5)  General  (1 6)  X-Ray  (1  7)  Electronic  Control  (1  8)  Transmission  Line 
(19)  Aircraft  Antennas  (20)  Production  Engineering  (21 )  Automatic  Weapons  (22)  High  Speed  Photography  (23)  Spectrograph 
(24)  Components  (25)  Television  (26)  Radar  (27)  Medical  (28)  Ceramics  (29)  R.  F.  Heating  (30)  Acoustics 

*  Handle  Patents 
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CONSULTING  ENGINEERS  continued 


Communi- 

Name  cation* 

Indus¬ 

trial 

Design  Models 

Area 

BOZOIAN.  M. 

702  S.  SM  SL.  Ann  Arbor.  Mich. 

1-5-17 

• 

• 

500  miles 

BREON  LABORATORIES  1  10 

1620  Everireon  RiL.  WiNiameport,  Pa. 

27-29 

• 

state 

BROADCASTING  ENG.  SERVICE  4 

P.  0.  Box  1387.  Shroveport.  La. 

• 

national 

BROWN.  C. 

06  W**tgat^  Cambridge.  Maas. 

5 

• 

• 

stale 

BROWNELL.  H.* 

188  W.  4th  SL.  New  York.  N.  Y. 

1-6-8-12- 

17-27 

• 

300  miles 

BROCKMAN.  F.  E. 

R.  F.  0.  Rt.  No.  1.  Norwood.  N.  Y. 

1-17 

• 

state 

BRYANT,  F.  D.» 

173  Long>^  Dr.,  Wetherafleld.  Conn, 

1-2-14- 

20-29 

• 

• 

state 

BURDEN.  B.  C.  1 

Box  931 .  Lincoln.  Nebraska 

• 

• 

national 

BUCK.  0.  1 

306  Monroe  SL  S..  Hutchineon.  Minn. 

• 

state 

BUILDER.  G..  ESQ.*  IS 

7  Appian  Way.  Brmwood.  NSW. 

Australia 

15 

• 

• 

state 

BUMSTEAD.  RALPH  W.*  10-17 

624  Maple  SL.  WestfleM.  N.  J. 

20-25 

• 

100  miles 

BURCHETT.  C.  W.  1 

172  Golden  Gate  Ave..  San  Francisco, 

Calif. 

• 

sUte 

BUTMAN.  CARL  H.  4 

National  Press  Bldg..  Washington.  D.  C. 

national 

CAIN.  L.  H.  4-6-10-17 

3610  S.  Barington  Ave.,  Los  Angeies, 

Calif. 

• 

state 

CALIFORNIA  LABS.* 

452  Clifton  SL.  Oakland.  Calif. 

8 

• 

state 

CANALE  ING.  MANUEL  R.  1-4-10-26  12-16^27- 

ELECTRICAL  ENGINEERING  CO.  30 

Box  1547.  Nogales,  Ariz. 

• 

national 

CANADIAN  RES.  INSTITUTE  1-4-6-10-  6-8^9-12- 

46  St.  George  SL,  Toronto.  OnL,  17  27-29-30 

Canada 

• 

• 

national 

CANISTEO  ELECTRONIC  4^6-10- 

INSTRUMENT  LAB.  11-12 

30  E.  Main  SL.  Canisteo.  N.  Y. 

1-17-21- 

25-26-27 

• 

• 

national 

CENTRO  RESEARCH  LABS. 

9  Rockefeller  Plaza.  New  York.  N.  Y. 

1-5-6  12 
17-27 

CHAMBERS  A  GARRISON  4-10-11-25 

1519  Connecticut  Ave.,  Washington, 

D.  C. 

• 

national 

CHAPMAN,  R.  4-10 

Rt.  6,  Box  41,  FL  Worth.  Texas 

• 

sUte 

CHILDS.  EARL 

2822  N.  Broadway.  Los  Angeies,  Calif. 

17 

• 

SO  miles 

CINCINNATI  RESEARCH  CO.  6 

6431  Montgomery  Ave.,  Cincinnati,  Ohio 

6 

national 

CIRCUITO  CMQ  4 

Havana,  Cuba 

• 

• 

national 

CLEARY.  LEO  H. 

2726  Conn.  Ave.,  N.  W..  Washington, 

O.C. 

1 

• 

1000  mile 

COLES,  W.  A. 

412  Spruce  Ave.,  Upper  Darby,  Pa. 

12-27-29 

• 

• 

national 

COLLUP,  DOYLE  1-4-10 

3300  Mt.  Vernon,  FL  Worth,  Texas 

• 

• 

500  miles 

COLWELL.  R.  E. 

518  W.  Maple  SL,  DeaMer,  Ohio 

5-17 

• 

stale 

COMMERCIAL  AMPLIFIER  CO.  1-4-10- 

17 

• 

200  miles 

6629  Drexel  Av&.  Chicago.  III.  12-26-30 


Communi- 

Name  cations 

trial  Oasign  Models 

Area 

COMMERCIALJMDIO  EQUIPT.  4 

CO. 

1319  F  SL,  N.  W..  Washington.  D.  C. 

• 

national 

COMMONWEALTH  ENGINEERiNG 

CO.  OF  OHIO 

1771  Springfield  SL,  Dayton,  Ohio 

1-2-3 -A-e- 
S-UIS- 
17-20  30 

• 

• 

national 

CONLON  ELECTRIC  CORP. 

117  South  St.,  Baltimore,  Md. 

1-2-4-17 

• 

national 

CONSOLIDATED  MANAGEMENT  ^ 
CONSULTANTS 

521  Sth  Ave.,  New  York  N.  Y. 

1-20 

• 

national 

CONTENT.  EDWARD  J.  4-10-25-30 

Roxbury  Rd.,  Stamford.  Conn. 

• 

national 

CONTROL  ENGINEERING  CO.'  1 

7631  Jos  Camapau,  OfAroit,  Mich. 

2-3-17 

• 

national 

CORNELL.  HOWLAND,  HAYES  A  • 
MERRYFIELD 

212  Rennie  Bldg.,  Corvallis.  Ore. 

1-3 

• 

stale 

COWLES.  JOHN* 

349  E.  Cliveden  SL,  Philadephia.  Pa. 

1-2-S^5^ 

14-26-29-30 

• 

• 

national 

CRAWFORD,  THOMAS  J.* 

3726  Kipling  Ave.,  Berkley.  Mich. 

2-14-20 

• 

1000  miles 

CREUTZ,  JOHN  4-11-25 

Bond  Bidg.,  Washington,  D.  C. 

• 

national 

CROWLEY  A  ASSOC.,  INC.,  5^29 

GRAHAM* 

473  York  Rd.,  Jenkintown,  Pa. 

• 

national 

A.  EARL  CULLUM,  JR.  CONSULT-  4 

ING  RADIO  ENGINEERS 

Dallas,  Texas 

• 

national 

DAVIES  LABORATORIES.  INC.,  THE  15 

Box  65.  College  Park,  Md. 

is 

• 

50  miles 

DAVIS.  E.  S.*  17 

422  N.  E.  River  Dr..  FL  Lauderdale.  Fla. 

5-8 

• 

national 

DAVIS.  GEORGE  C.  4 

504  Munsey  Bldg.,  Washington,  D.  C. 

• 

national 

DAVIS.  R.  L  1 

535  Fountain  SL.  Grand  Rapids.  Mich. 

• 

200  mile* 

DEIGERT  A  YERKES  30 

321 1  “0"  SL.  N.  W.,  Washington.  D.  C.  - 

• 

national 

DELTA  ELECTRONIC  EQUIPT.  CO.  5-10  25 
M13  Carondelet  St.,  New  Orleans.  La. 

12  1IH7  27 

• 

300  miles 

de  la  WAR.  G.  W. 

Kingston  Yamell  Hili,  Oxford,  Eng. 

27 

• 

DE  MORNAY  BUDD.  INC.*  • 

475  Grand  Concourse,  New  York,  N.  Y. 

1-2 

• 

• 

national 

DE  RYDER.  H.  25 

104  Demarest  Ave.,  Bioomfield,  N.  J. 

12 

• 

national 

DESIGNERS  FOR  INDUSTRY  1-2  1  2  26  1  5-17-20 

Box  47,  Bennett  Rd.,  Strongsville,  Ohio 

• 

• 

500  miles 

DESIGNERS  FOR  INDUSTRY.  INC.*  1-1012- 
niS  Detroit  Ave.,  Cleveland,  Ohio  17-26 

2  15^18 
20^29 

• 

• 

national 

DIVER,  M.  L 

Box  1016,  San  Antonio,  Texas 

1 

• 

state 

DOEH  DEVELOPMENT  CO.*  12 

1588  Sterling  PI.,  Brooklyn,  N.  Y. 

• 

25  miles 

DOEICAM  CORP. 

437  Cherry  SL,  W.  Newton,  Mass. 

5 

• 

national 

DONALDSON  ELECTRONICS 

UBORATORY* 

P.  0.  Box  1486,  San  Antonio,  Texas 

9-17  25-26 

• 

state 

ORAUGHONS  SCHOOL  OF  RADIO  10 

A  ELECTRONICS 

Little  Rock,  Ark. 

17 

• 

200  miles 

EASTERN  DEVELOPMENT  CO.* 

2 

• 

500  miles 

15  E.  22nd  SL,  New  York.  N.  Y. 
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Communi-  Indus- 

Name  cationt  trial  Dasign  Models  Area- 


EBEL.  JAMES  A.  4 

let  National  Bank  BMg..  Peoria,  III. 

• 

national 

EDWARDS.  BOWER  k  POOL*  • 

63  Wall  SL,  New  York.  N.  Y 

1-5 

national 

EDGERTON.  GERMESHAUSEN  k 

GRIER 

77  Maaeachusette  Ave..  Cambridge. 

Mm 

1-6  17  22 

• 

• 

national 

EHRLICH.  CHARLES  N. 

130  W.  12th  SL.  New  York.  N.  Y. 

1-12  24  29 

• 

100  miles 

EILENBERGER.  S.* 

6300  27lh  Ave.,  Kenosha.  Wise. 

12-5 

• 

• 

national 

ELEC.  COMMUNICATION  CO.  10 

766  Clementina  SL,  San  Francisco.  Cal. 

• 

state 

ELECTRODYNE  CO.*  1-6 

899  Boylston  SL,  Boston,  Mass. 

2^17  27 

• 

• 

national 

ELECTRO  IMPULSE  LAB.  6 

P.  0.  Box  250.  Red  Bank,  N.  J. 

8  27  29 

• 

national 

ELECTRONIC  DEVELOPMENT  • 

LABORATORY 

2665  W.  19th  SL.  Chicago.  III. 

5 

• 

national 

ELECTRONIC  ENGINEERING 

INC.* 

S.  1212  Monroe  SL,  Spokane.  Wash. 

1-2-44  17 

• 

national 

ELEC.  ENGR.  k  SUPPLY  CO.  4-10-30 

Box  178,  Burlington,  Iowa 

16 

• 

• 

1000  miles 

ELECTRO-MECH.  RES.,  INC.*  1-6-10^12  2  9-17 

Ridgefield,  Conn. 

• 

national 

ELECTRONIC  ASSOCIATES.  INC.*  10^12  26 
61  Brighton  Ave.,  Long  Branch,  N.  J. 

5-17-18 

• 

1000  miles 

ELECTRONIC  DEVELOPMENTS  10^12 
(PTY),  LTD. 

8  Wolhuter  SL,  Jeppe,  Johannesburg, 

S.  Africa 

17 

• 

ELECTRONIC  ENGR.  CO.  OF  CALIF.  4-5-10- 
2008  W.  7th  SL.  Los  Angeles.  Calif.  12  25 

17-22  26 

29 

• 

• 

national 

ELECTRONICS  ENGR.  CO.  4-10-12 

104  Tyson  BMg..  Montgomery,  Ala. 

• 

300  miles 

ELECTRONIC  RES.  ASSOC  *  10 

2301  El  Camino  Real,  ^  Mateo,  Calif. 

17 

• 

national 

ELECTRONICS  RESEARCH.  INC.*  4-19 

P.  0.  Box  327,  Evansville.  Ind. 

• 

• 

national 

ELECTRON-MACHINE  CO.*  17 

2  East  End  Ave.,  New  York,  N.  Y. 

17 

• 

1000  miles 

ELLINGTON.  W.  M.  4-10 

724  Cheetnut  St.,  Jackson,  Miss. 

• 

state 

EUSWORTH.  A.  R.  12-15  20 

8409  Ho.lywood  Blvd.,  Hollywood.  Calif. 

• 

100  miles 

ELM  LABS  1  10^12 

20  S.  Broadway.  Dobbs  Ferry.  N.  Y. 

2-15  24 

• 

• 

national 

EMPIRE  LABS  10-12 

39-01  Main  SL.  Flushing.  N.  Y. 

17  27  29 

• 

• 

national 

EMPIRE  PROJECTOR  CORP.  • 

60  McClean  Ave.,  Yonkers.  N.  Y. 

• 

national 

ENGINEERING  DEVELOPMENT  • 
LABORATORY 

2326  S.  Michigan  Ave..  Chicago.  III. 

12 

• 

national 

ENGINEERING  LABORATORIES. 

INC  * 

Box  349,  Tulsa.  Okla. 

5-9-17  30 

• 

national 

ENGINEERING  RES.  k  DEVEL.  CO.* 

P.  0.  Box  1M,  Hinsdale,  III. 

15 

• 

national 

ENGINEERING  RESEARCH  1-5-10 

ASSOCIATES.  INC. 

2-6-8  15- 
17 

• 

national 

■  1129  Vermont  Ave.,  N.  W.,  Washington, 
]  D.C. 

j  1902  W.  Minnetiaha  Ave.,  SL  Paul, 
;  Minn. 

1 


Name 

Communi¬ 

cations 

Indus¬ 

trial 

Design 

Models 

Area 

FANNING.  W.  N.* 

1539  Mortgn,  Alameda,  Calif. 

21 

• 

national 

FERRAMENTA.  M. 

Rue  Joaquim  Tavora  300  Santos  Est 
De,  Sao  Paulo.  Brazil 

2 

• 

100  miles 

FITZGERRELL.  G.  C. 

1658  Lucile  Ave..  Los  Angeles.  Calif. 

10 

417 

• 

200  miles 

FORBES.  K.* 

Box  817.  Erie,  Mich. 

12 

• 

400  miles 

FOSS.  INC.,  WM.  L. 

927  15th  SL.  N.  W.,  Washington.  D.  C. 

4  . 

4 

• 

national 

FRANCIS.  J.  S.* 

222  N.  Michigan  Ave.,  Chicago,  III. 

2  12  13 
15-20  21 

• 

• 

national 

FRANKS.  C.  J. 

Box  92.  Boonton,  N.  J. 

10 

5  15 

• 

100  miles 

FROMMER,  JOS.  C. 

1525  Teakwood  Ave..  Cincinnati,  Ohio 

5  8  17 

• 

• 

250  miles 

GALANTY,  HAROLD 

287  Conklin  Ave..  Hillside,  N.  J. 

1  2  5  12 
17  20 

• 

'  250  miles 

GEFFNER  COMPANY,  JOS. 
Weirton,  W.  Va. 

23 

• 

national 

GENERAL  DEVELOPMENT  CO  * 

54  Rue  Du  Pepin,  Bruxelles,  Belgium 

1-5  10  25  12-17  20- 
29 

• 

Belgian. 

Congo 

Belgium, 

France. 

Holland 

GENERAL  INSTRUMENT  A  ENGINEERING  *1 -8  17 

Washington,  D.  C. 

GILLE  BROS. 

1108  N.  Lillian  Way.  Hollywood.  Cal. 

5  25 

• 

national 

GILLETT.  GLENN  D.  k  ASSOC.  4 

National  iTess  Bldg..  Washington,  D.  C. 

• 

national 

GLOBE  PRODUCTS  CORP. 
Bridgeport.  Conn. 

5-15 

GLOVER.  RALPH  P. 

1024  Superior  SL,  Oak  Park,  III. 

10-30 

1-5 

• 

national 

GOOLEY  CO..  PAUL 

P.  0.  Box  J,  Upper  Montclair,  N.  J. 

4  -10  25 

5  11-15- 
19  23 

• 

national 

GOLDSMITH.  A.  N.* 

597  5th  Ave.,  New  York.  N.  Y. 

4-10-25 

1 

• 

national 

GOLDWATER.  F.  J. 

200  West  20th  SL.  New  York.  N.V. 

17 

• 

100  miles 

GLOBE  DEVELOPMENT  CO.* 

1970  E.  18th  SL.  Brooklyn.  N.  Y. 

4  10-30 

• 

• 

150  miles 

GORDON  CO..  CLAUDE  S. 

3000  S.  Wallace  SL.  Chicago.  III. 

5 

• 

national 

GREER.  WILLIAM  N.  4  10  25 

P.  0.  Box  4919,  San  Juan,  Puerto  Rico  30 

Office:  257  Tetuan  SL.  Rm.  10 

1-17 

• 

Central 

Amer. 

GREIBACH  RESEARCH  AND 
DEVELOPMENT  LABS.* 

80  Pryor  Terr.,  New  Rochelle.  N.  Y. 

• 

8  15 

• 

• 

200  miles 

GRETHER.  INC..  WM.  P. 

6  E.  Davie  SL,  Raleigh,  N.  C. 

10 

800  miles 

GRIER,  M.  S.* 

'  6934  Amigo  SL,  Reseda,  Calif. 

8 

8 

• 

25  miles 

HAHN.G.  10 

1515  Halsted  SL.  Chicago  Heights.  III. 

•• 

100  miles 

HALL.  R. BENSON* 

;  6431  EjicIM  Ave.,  Hammond.  Ind. 

15 

• 

50  miles 

HALL.  V.  C. 

835  Hope  St.,  Springdale,  Conn. 

8 

• 

national 

HANSEN.  W.  W. 

515  Gerona  Rd.,  Stanford  U.,  Calif. 

8 

national 
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Communi-  Indw- 


Name 

cations 

trial  Design  Models 

Area 

HALL.  LESLIE  R. 

9  Shepley  SL,  Auburn,  Maine 

4 

500  miles 

HANSON-GORRia-BRIAN.  INC 
Meadow  Lane,  Glen  Cova.  N.  Y. 

17 

17 

• 

national 

HARDEN,  PAUL  A. 

529  E.  Colorado  SL.  Pasadena.  CaHf. 

4-10-11-17 

• 

Pacific 

Coast 

HALINTON,  HARRY 

612  North  MIoMgan  Avsl,  Chicago.  IIL 

4-10 

6-17 

200  mites 

HARROLO,  W. 

101  N.  45th  SL,  SeaMa.  Wash. 

5 

• 

national 

HARYEY,  H.  L. 

2935  SL  Paul  St,  Balthnore.  Md. 

1-2-5-8- 

17-22 

• 

• 

national 

HATFIELD,  J.  B. 

938  35th  Ave.,  Seattle.  Wash. 

4  . 

• 

500  miles 

HATHAWAY  INSTRUMENT  CO. 

Box  4178,  Denver,  Colorado 

1-2-5-9-17 

• 

• 

national 

HATTON  A  CO.,  ARTHUR  T. 

17  Knollwood  Rd..  W.  Hartford.  Conn. 

1-5-17 

500  miles 

MavMFC  a 

,2227  S.  ioth  Ave.,  Broadview.  May- 
wood.  IIS. 

15 

• 

national 

HAZELTINE  ELEC.  CORP.* 

1775  Broadway,  New  York,  N.  Y. 

12 

1 

• 

• 

national 

HAUSNER.  HENRY  H.* 

155  Riverside  Drive.  New  York.  N.  Y. 

• 

1-7-28 

• 

national 

HEILANO  RESEARCH  CORP. 

Box  360,  Denver,  Colo. 

9 

• 

national 

HELVEY.  OLIVER  J. 

5110  Deane  Ave.,  Loe  Angeles,  Calif. 

27 

• 

national 

HENDERSON  ELECTRIC  ENGR. 
CO. 

Box  2615,  Greenville,  Miss. 

5 

• 

• 

national 

HERBOLO,  ROBERT  J. 

2510  S.  Columbine  SL,  Denver,  Colo. 

8 

• 

national 

HIGGY,  ROBT.  C. 

Ohio  State  Univ.,  Columbus.  Ohio 

4 

• 

state 

HILLYER  INSTRUMENT  CO.,  INC. 
120  E.  13th  SL.  New  York.  N.  Y. 

17-21 

• 

national 

HOBBS.  MARVIN 

2414  W.  Lawrence  Ave.,  Chicago,  III. 

12-17-25 

• 

• 

national 

HOEHLEIN.  F.  W. 

121-17  12th  Ave.,  College  PL.  N.  Y. 

15 

• 

25  miles 

HOGAN.  JOHN  V.  U 

730  5th  Ave..  New  York,  N.  Y. 

10 

• 

• 

national 

HOLEY  &  HIUEGAS 

2836  Tupilo  SL,  S.  E..  Atlanta.  Ga. 

4 

• 

national 

HOLLEY,  ARMANDO 

Calle  Constitution  097,  Santiago.  Chile, 
S.  A. 

10 

10 

• 

national 

HOLWAY  A  ASSOC.,  W.  R. 

302  E.  18th  SL.  Tulsa,  Okla. 

1 

1-3 

national 

HORNE.  C.* 

45  Earls  Court  Rd.,  London,  W.  8, 
England 

6-16^23  27 

• 

• 

HORNER.  G.  EDWARD 

188  Paine  Ave.,  Irvington,  N.  J. 

12 

• 

• 

25  miles 

HOUSTON  CORP. 

11801  W.  Olympic  BIvtL,  W.  Los 
Angeles.  Calif. 

26 

• 

national 

HOWELL.  B. 

212  LaFrance  Ave.,  North,  Alhambra, 
Calif. 

1-2-5-17 

1-J  5-17 

• 

50  miles 

HOWEY,  W.  C.» 

10 

inter- 

5  Winthrop  Bo«ton,  Mus.  national 


Communi- 

Name  cations 

Indus¬ 

trial 

Design  Models 

Area 

HUFFMAN  LABORATORIES*  10-25 

17  Watehung  Plaxa.  Montclair,  N.  J. 

1-17-29 

• 

• 

national 

HULBERT  ENGINEERING  CORP. 

903  Clyman  SL,  Watertown,  Wise. 

2-3-29 

• 

national 

HURST  LABS. 

914-37lh  SL.  N.,  SL  Petersburg,  Fla. 

6-8 

• 

sUte 

HUTCHESON.  GUY  C.  4 

1100  W.  Abram  SL,  Arlington,  Texas 

• 

national 

1.  B.  M.  CHUNG  CHIN  KAO  10 

334  W.  8Sth  SL.  New  York.  N.  Y. 

national 

IND.  DEVELOPMENT  ENGR.  10-25-30 

ASSOC.,  INC. 

41K  E.  10th  Indianapolis.  Ind. 

2-12 

• 

• 

250  miles 

INDUSTRIAL  RES.  LABS. 

2412  Asquith  SL,  Baltimore.  Md. 

1-2-5-17- 

21-27-29 

• 

national 

INST.  OF  INDUST.  RESEARCH* 

1804  Milan  Bldg.,  San  Antonio,  Texas 

15 

• 

• 

national 

INTERCONTINENT  ENGINEER-  4^10 

ING  CORP. 

37  Wall  SL,  New  York.  N.  Y. 

1-20^24 

• 

• 

inter¬ 

national 

INT.  ELECTRONICo  LABORA-  • 

TORIES* 

15  W.  47th  SL.  New  York.  N.  Y. 

17 

• 

national 

JACKSON  A  MORELAND 

31  SL  James  Ave.,  Boston,  Mass. 

12 

• 

1000  miles 

JANSKY  A  BAILEY  4-15  11- 

National  Press  Bldg.,  Washington,  12-25-26 

D.C. 

• 

JARVIS.  KENNETH  W.*  10 

1140  Cherry  SL,  Winnetka.  III. 

1-2^12- 
17  26 

• 

• 

national 

JASPERT,  GEORGE  H.  4-25 

Little  Bldg.,  80  Boylston  SL,  Boston, 

Mass. 

500  miles 

JETER.  G.* 

71  Walnut  SL,  Montclair.  N.  J. 

20  29 

• 

150  miles 

JOHNSON.  G.  R. 

Box  9.  Estevan,  Sask.,  Canada 

9 

• 

• 

national 

JOHNSON.  J.  KELLY  1-5-10- 

Suite  208,  55  W.  42nd  SL,  New  York.  12-17  25 
N.  Y. 

• 

• 

• 

national 

JOHNSTON.  RICHARD  30 

351  N.  Woodward,  Birmingham.  Ala. 

• 

50  miles 

JONES.  CARY  B.  • 

P.  0.  Box  1059,  Pak)  Alto.  Calif. 

8 

• 

national 

JUPE,  JOHN  H.,  A.  M.  1.  E.  E.  10 

8  Clock  House  Forty  Hill.  Enfleld.  Eng. 

1-5  17  29 

national 

KEAR  A  KENNEDY  4-10-11 

1703  “D”  SL.  N.  W.,  Washington.  D.  C. 

• 

national 

KEEFE.  F.  M. 

75  Berkshire  St.,  Indian  Orchard,  Mass. 

5-12  17 

• 

• 

100  miles 

KEEL.  JOHN  J.  4-10^25 

Earle  Bldg.,  Washington,  D.  C.  30 

2  11-12 

• 

national 

KEINATH.  GEORGE* 

36  Knollwood  Dr.,  Larchmont,  N.  Y. 

1-5 

• 

national 

KELLEY.  LEO  A.*  1 

34-38  87th  SL,  Jackson  Heights.  N.  Y. 

1 

national 

KENYON  INSTRUMENT  CO. 

1345  N.  Y.  Ave.,  Huntington,  N.  Y. 

3-17  22 

• 

national 

K  A  K  ENGINEERING  CO.* 

Bolton.  N.  Y. 

12  3-5 

17  23 

• 

national 

KLEINBERGER,  RICHARD  C. 

1  East  Post  Road,  White  Plains,  N.  Y. 

1-17  29 

state 

KNOBEL.  MAX* 

15 

• 

national 

663  Beacon  SL,  Boston,  Mass. 
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CofiMiMini-  IndiM- 

eations  trial  Daaian  Models  Area 


KOKOMO  ENTERPRISES  10 

1021  S.  Main  SL  -Bos  270,  Kokomo. 

Ind. 

20^22 

• 

national 

KRAMER.  M. 

S  W.  86th  St,  New  York,  N.  Y. 

27  • 

• 

1000  miles 

KRUEGER.  A.  M. 

2033  Gates  Ava,  Brooklyn,  N.  Y. 

1-17  • 

state 

KRUSE.  CHARLES  C. 

Gian  Cove,  Pewaukee,  Wlae. 

22  • 

• 

state 

LABORATORY  FOR  EUC-  • 

TRONICS,  INC.* 

11  Laon  St,  Boaton,  Maas. 

8 

• 

national 

LA  HUE,  PHILIP 

3215  E.  34th  Ave.,  Denver,  Cdo. 

1-6-14-17  • 

• 

national 

LANGE,  E.«  5^12 

3600  Forest  Hill  Rd.,  Baltimore,  Md. 

1-8-17-24  • 

400  miles 

LANQLAND  A  ASSOC.,  G.  H.* 

P.  0.  Box  405,  Mill  Valley,  Calif. 

2 

• 

100  miles 

LARSON.  THOR 

2851  9th  Ave.  N.,  St  Petersburg,  Ra. 

1-15-17  22 

• 

stale 

LAWTON  PRODUCTS  CO. 

624  Madison  Ave..  New  York.  N.  Y. 

12  5^ 

12  17  27  30 

• 

100  miles 

LEATHAM,  W.  G.  10 

P.  0.  Box  11,  Lower  Hutt,  N.  Z. 

• 

national 

LEBEL.  C.  J.*  5 

370  Riverside  Drive,  New  York,  N.  Y. 

20^27-30  • 

• 

national 

LECTRONIC  RESEARCH  UBS. 

Howell  A  Hegerman  Sts.,  Philadelphia, 

Pa. 

5  22 

• 

national 

LEE.  M.  12 

148  Lafayette  Ave.,  Brooklyn,  N.  Y. 

• 

national 

LENT.  W.  C.  4 

1200  18th  St.  N.  W.,  Washington.  D.  C. 

• 

national 

LERU  UBORATORIES  17 

360  Bleeker  St,  New  York,  N.  Y. 

26 

• 

national 

LESTER.  JOHN  M. 

15  Elk  St.  Hempstead,  N.  Y. 

LINCOLN.  E. 

346  Madison  Ave..  New  York,  N.  Y. 

1-7  • 

national 

LINOERMAN  CORP..  G.  B.* 

4767  Indiana  Lane,  N.  W.,  Washington, 

D.C. 

12  8  17 

• 

800  miles 

LINDSAY.  JR.,  WM.  W. 

230  Thurston  Ave.,  Los  Angeles,  Calif. 

8 

• 

national 

LITTLE,  INC.,  ARTHUR  D.* 

30  Memorial  Dr.,  Cambridge,  Mass. 

IS 

• 

national 

LOEW.  T. 

Room  260&  350  5th  Ava.,  New  York, 

N.  Y. 

2-12  15  • 

• 

500  miles 

LOHNES  A  CULVER  4 

Munsey  Bldg.,  Washington.  D.  C. 

• 

national 

LONGORIA.  ANTONIO  * 

6007  Euclid  Ave.,  Cleveland.  Ohio 

1-14-17  29  • 

national 

LUBBERT.  G.*  10 

5609  Merville  Ave.,  Baltinwre,  Md. 

12  5  12-  • 

17-20 

• 

national 

LUKE.  H.  N.* 

2113  Somerset  Place,  Oklahoma  City, 

Okla. 

9-17-20 

• 

national 

LUNDY.  CLARENCE  1-12 

428  Boulevard.  Bayonne.  N.  J. 

2^  17  27 

• 

national 

LYON.  HENRY  H.  V2S 

4004  Jefferson  St,  Hyattsville,  Md. 

• 

100  miles 

MAGGIO.  C.  5 

6420  New  Utrecht  Ave.,  Brooklyn,  N.  Y. 

5  • 

• 

50  miles 

MASS.  INST.  OF  TECHNOLOGY  26 

national 

CambridBe,  Mass. 


Communi-  indue- 

Name  cations  trial  Design  Models  Area 


McCACHREN.  WINFIELD  S.  25 

809  Windmere  /(ve.,  Drexel  Hill.  Pa. 

• 

national 

McCreary,  h.  j.*  i 

320  Lewis  Ave.,  Lombard,  III. 

1 

• 

• 

national 

McIntosh,  frank  h.  4 

710  14th  SL,  N.  W..  Washington,  D.  C. 

12-17-20 

26^29-30 

• 

national 

MAXSON  CORa,  W.  L* 

460  W.  34th  SL,  New  York,  N.  Y. 

15 

• 

600  milea 

McKEY  A  ASSOC.,  DIXIE  B.  4-18^11- 

17K)  Conn.  Ave.,  Washington,  D.  C.  12-19  -25 

• 

national 

McNARY  A  WRATHALL*  4-10-11-25 

983  National  Press  BMg..  Washington, 

0.  C. 

• 

national 

McNUL.  J.  0.  • 

794  Quinnipiac  Ave.,  New  Haven,  Conn. 

17-29 

• 

state 

MAKI.  GEORGE  J.*  10 

Moraga,  Calif. 

• 

national 

MARSHALL.  T.  10-12-30 

73  Vaughan  SL,  Portamouth,  N.  H. 

• 

state 

MAST  DEVELOPMENT  CO..  INC.* 

2110  E.  11th  SL,  Davenport,  Iowa 

2 

• 

• 

national 

MAY.  RUSS^  P.  4-10  11-25 

1422  “P*  St.,  N.  W.,  Waahington.  D  .C. 

• 

national 

MELPAR.  INC.  1 

718  5lh  SL,  N.  W.,  Washington.  D.  C. 

• 

national 

MUSUREMENT  ENGR.  LTD.  4-5-10 

61  Duke  SL,  Toronto,  Canada 

• 

• 

national 

MEREDITH.  WILLIAM*  10 

Blackburn  Bldg.,  Ottawa,  Canada 

1-2-15-17 

• 

national 

METCALF  A  EDDY 

1762  Commonwealth  Ave.,  Brighton. 

Mass. 

1-3-17 

• 

national 

MICHEL.  JOHN*  10 

15  Park  Row.  New  York.  N.  Y. 

1-17  29 

national 

MIDUNO  ASSOC.  8  10  20  25 

1959  Lunt  Ave..  Chicago,  ill. 

• 

state 

MILWAUKEE  COUNTY  H’WAY 

COMM. 

Court  House,  Milwaukee,  Wise. 

N.  S.  Rich 

1-17 

• 

50  miles 

MITTELMANN.  E.  E. 

549  West  Washington  Blvd.,  Chicago. 

III. 

8  12  17  29 

■ 

national 

MODEV  CO. 

2039  Salem  Ave.,  Dayton,  OMo 

1  2  3  0^ 
12  27 

• 

• 

national 

MODIE.  E.  1 

Barnesville.  Ohio 

MOEN.  ESTEN  12  25 

Foseton.  Minn. 

• 

10  miles 

MORRISON.  M.*  10-12-15 

153  5th  Ave..  New  York.  N.  Y. 

1-2  5 

• 

• 

1000  miles 

MURRAY.  ALBERT  F.*  25 

4707  Windom  PI.,  N.  W.,  Washington. 

D.  C. 

• 

national 

NAKEN.  WM. 

1635  W.  Pratt  Blvd.,  Chicago.  III. 

20  22 

NARIMATSU.  0.  T. 

G.  P.  0.  Box  996.  New  York.  N.  Y. 

5 

• 

slate 

NATIONAL  ELECT.  UBS..  INC.  10 

200  King  SL,  Alexandria.  Va. 

• 

• 

300  mites 

NATIONAL  RADIO  RESURCH  1  4  5  10 

UBORATORIES 

74  W.  68th  SL.  New  York.  N.  Y. 

8  12-17- 
24  3J 

• 

«r 

nations  1 

NEUMAN.  LEONARD  J.*  5 

9 

• 

• 

national 

943  Mellie  Esperson  Bl^..  Houston. 
Texas 
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Communi-  Indw- 


Name 

cations 

trial  Design  Models  Area 

NEW  PRODUCTS  MFG..  INC. 

631  Wayne  Ave.,  Oayton,  Ohio 

1-10-17 

2-5-20-21 

*  national 

NIAGARA  ELECTRON  LABS. 

Box  141,  Andover,  N.  Y. 

5-6-17  • 

*  national 

NIKIRK,  THOMAS 

549  S.  Bwkeley  Ave.,  Pasadena,  Calif. 

10 

29 

•  100  miles 

NOEL  MFG.  CO..  THE 

136-138  E.  122nd  SL.  New  York,  N.  Y. 

2 

*  national 

NORTH  AMERICAN  RESEARCH 
LABORATORIES.  INC. 

156  Harold  Ave.,  Fanwood.  N.  J. 

• 

5-17  • 

*  national 

NOVIK  M  S« 

30  Rockefelier  Plaza,  New  York,  N.  Y. 

OCCHIOGROSSO.  T. 

84  Ba^er  Ave.,  Eatontown,  N.  J. 

2S 

•  • 

•  100  miles 

O’REILLY,  R.* 

3404  Beach  Dr..  Seattle,  Wash. 

10 

12 

*  Alaska 

and  state* 
wide 

OSWALT,  A.  K. 

620  7th  Ave.  N.,  Texas  City,  Texas 

10 

17 

*  state 

OSTERMOOR.  A.  G. 

Whaley  Lake  Apaireies,  Holmes,  N.  Y. 

30 

*  national 

MESSRS.  OXLEY  DEVELOPMENT 
CO.  LTD.* 

28  Meetira  House  Lane,  Ulverston, 
Lancs.,  England 

7-10-12  24  • 

*  national 

PACENT  ENGR.  CORP. 

79  Madison  Ave.,  New  York,  N.  Y. 

10  12  25-26  • 

national 

PACIFIC  ELECTRONICS 

1612  N.  Hill  Ave.,  Patwlena,  Calif. 

4-10  12-17  • 

national 

PALMER  COMPANY.  FRED  A. 
Union  Trust  Bldg..  Cincinnati,  Ohio 

4-25 

national 

PARDEE  it  ASSOC.,  HARVEY  S.* 
549  W.  Washington  Blvd.,  Chicago,  III. 

15  • 

national 

PATRICK  RESEARCH  &  DEVEL¬ 
OPMENT  LABS. 

5206  N.  Keystone  Ave.,  Indianapolis. 
Ind. 

20 

*  national 

PATTERSON  CO.,  C.  J. 

4722  Broadway,  Kansas  City,  Mo. 

10 

5 

*  national 

PERCO.  INC.* 

1133  S.  High  SL,  Columbus.  Ohio 

• 

22 

•  state 

PERRIN,  JOSEPH* 

95  Liberty  SL.  New  York.  N.  Y. 

3 

*  350  miles 

RETRY  S  H  * 

3016  Central  SL,  Evanston,  III. 

2-12-20-27  • 

*  100  miles 

PHILBRICK  RESEARCHES.  INC., 
GEORGE  A. 

230  Congress  SL,  Boston.  Mass. 

5  • 

*  national 

PICKARD  A  BURNS  5-8-10-11 

66  Needham  SL,  Newton  Highlands.  Mass. 

• 

*  national 

PIERCE.  F.  W. 

2415  19th  Ave.,  Rock  Island,  III. 

15 

15 

*  500  miles 

PIONEER  ELEC.  &  RES.  CORP. 
7216  Circle  Ave.,  Forest  Park,  III. 

10 

1-12  17  26 

*  national 

PITMAN,  E. 

Norumbega,  Camden,  Maine 

• 

6-29 

national 

POINT  CONSULTING  CO. 
Pittsburgh  17,  Pa. 

1-17 

POLLACK.  DALE 

352  Pequot  Ave.,  New  London.  Conn. 

10-11-12 

25-26 

*  national 

POLYTECHNIC  RESEARCH  4 
DEVELOPMENT  CO. 

66  Court  SL,  Brooklyn,  N.  Y. 

• 

5-8-26 

*  national 

POMPILTO,  M.* 

12 

12  • 

100  miles 

Box  172.  Livermore,  Calif. 


Communi-  Indue- 

Name  cations  trial  Oesion  Models  Area 


PRATT.  WIUIARd’d.  5 

671  Grant  St.,  Denver,  Colo. 

5 

• 

national 

PRECISION  ELECTRONICS.  INC.*  5-12-20^ 
5717  Melrose  Ave.,  Chicago.  III.  25-30 

• 

national 

PREISMAN  4  BISER  4 

3308 14th  St..  N.  W.,  Washington.  D.  C. 

• 

• 

500  miles 

PRESTON  ELECTRONIC  LABS.,  • 

INC. 

58  Summer  St..  Malden,  Mass. 

12 

• 

500  miles 

PRESTON  LABS. 

Box  847,  Butler,  Pa. 

5-17 

• 

national 

PULLEN,  F.  L 

246  Westmoreland  Or.,  Baton  Rouge,  La. 

17-22 

• 

state 

PYLE.  GEORGE  4 

First  National  Bank  Bldg..  Peoria.  III. 

75  miles 

R.  M.  S.  ASSOCIATES.  INC.  17 

205  Halstead  Ave.,  Mamaroneck,  N.  Y. 

17 

• 

national 

RACHINSKY,  K.  K.  1  2-10^ 

1902  S.  Benecia  Ave.,  Los  Angeles.  12-17-30 
Calif. 

1-2-10^ 

12-17-30 

RACK,  EDGAR  C.* 

1800  Columbus  Ave.,  Waco,  Texas 

2 

state 

RADIO  COMMUNICATION  CO.*  10-17 

6909  Templeton  SL,  Huntington 

Park,  Calif. 

• 

state 

RADIO  ENGR.  CO.  12  24  25 

8  State  St.,  New  York,  N.  Y. 

5  26 

• 

200  miles 

RADIO  ENGR.  CO.  4-11-12 

1356  Market  SL,  San  Francisco,  Calif. 

• 

national 

RADIO  INVENTIONS.  INC.  10 

155  Perry  St..  New  York.  N.  Y. 

• 

• 

national 

RAMSEY,  H.  M.  10 

1428  South  Cloverdale,  Los  Angeles. 

Calif. 

100  miles 

RASH.  W.  30 

RMe  Hll,  New  Castle,  Del. 

state 

RAY.  GARO  W.  4  5^10 

991  Broad  St.  Bridgeport.  Conn.  11-25-30 

1  29 

• 

national 

RAYMOND.  H.  H. 

Smith  St.,  Middletown,  Conn. 

21 

• 

national 

RAYMOND  ENG.  LAB.,  INC.  15 

Smith  SL,  Middletown,  Conn. 

15 

• 

national 

RAYTHEON  MFG.  CO.  • 

Waltham,  Mass. 

1 

100  miles 

RAZEK,  JOS. 

202  Darby  Rd.,  Llanerch,  Havertown. 

Pa. 

8 

• 

national 

REED  RESEARCH*  • 

1048  Potomac  SL,  N.  W.,  Washington, 

D.  C. 

1-2  3-5  6 
15  17-24 

• 

national 

RIEBER,  FRANK  5 

127  E.  73rd  SL,  New  York.  N.  Y. 

9 

• 

national 

RING  4  CO.,  A.  D.  4 

Munsey  Bldg.,  Washington.  D  C. 

national 

ROBINETTE  CO.,  W.  C.* 

802  Fair  Oaks  Ave.,  South  Pasadena, 

Calif. 

1-2-17 

• 

national 

ROBINSON,  ODES  E.  4 

Box  451,  Chvlestown,  W.  Va. 

250  miles 

ROGERS  ENGR.  CO. 

546  Grand  Ave.,  Oakland,  Calif. 

1-2-12-17 

state 

ROHNER,  QERRIT,  J.  • 

Sampeon  College,  Sampson,  N.  Y. 

17 

New 

England 

ROLAB  PHOTO  SCIENCE  LABS  * 

IS 

• 

• 

national 

Sandy  Hook.  Conn. 


I 
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Communi-  Indus- 

Nanw  cations  trial  Design  Modeis  Area 


ROSENBERG  ASSOCIATES.  PAUL  • 
Woolwortti  BMg.,  New  York,  N.  Y. 

8 

• 

national 

ROTHROCK,  HAROLD  B.  4 

IMI  Eye  SL,  N.  W..  Washington.  D.  C. 

9 

national 

ROWE  ENGINEERING  CORP.  10-25 

i02  Pulaski  Rd.,  Chicago,  III. 

1-2-515 

9 

• 

national 

RUBIN.  H.  B.*  1-5-12  26 

1  Flint  St,  Poquonock  Bridge,  Conn. 

• 

1500  miles 

RUGBY  CONSULTING  LABS.*  8 

511  E.  48th  SL.  Brooklyn.  N.  Y. 

• 

• 

100  miles 

RUTEMILLER.  OREN  G. 

CHaens  Bank  Bldg..  4812  Vine  St. 
Cincinnati,  Ohio 

1  2  12  17 

• 

• 

300  miles 

SANBORN.  PAUL 

2602  Riverview  Dr..  Parkersburg,  W.  Va. 

28 

national 

SANIAL.  ARTHUR  J.  30 

168^14  32nd  Ave.,  Rinhing.  N.  Y. 

• 

50  miles 

SAVADELIS.  1.  C.  • 

85  W.  Putnam  Ave.,  Greenwich.  Conn. 

1  5  17 

• 

300  miles 

SCHMIDT.  W.* 

2440  Lake  View  Ave.,  Chicago.  III. 

20 

• 

national 

SCHMITT,  F. 

19M0  99th  Ave.,  Hollie.  N.  Y. 

1  2  17  20 

• 

• 

1000  miles 

SCHOTTLAND.  FREDERIC  0.  4 

1(^18  Metropolitan  Ave.,  Forest  Hills. 

N.  Y. 

5 

• 

national 

SCHUTTIG  &  CO.  20 

9th  It  Kearney  Sts..  N.  E.,  Washinyiun. 

O.C. 

• 

national 

SCIENTIFIC  RES.,  INC.*  5  12 

141  E.  Glenside  Ave..  Glerside.  Pa. 

1-2  3  17- 
22 

• 

• 

slate 

SCOTT  INSTRUMENT  LABORA¬ 
TORY 

4859  88th  St.  San  Diego.  Calif. 

5 

• 

• 

too  miles 

SCOTT.  R.  C.* 

340  Common  St.  Belmont,  Mass. 

12  5  8 

12  17 

• 

• 

national 

SEAVER.  F.  HARMON  10 

212  S.  4th  St,  Delevan.  Wise. 

17 

• 

national 

SEMPLE.  PARLAN 

328  Passaic  Ave.,  W.  Caldwell.  N.  J. 

20 

• 

• 

100  miles 

SENSITROL.  INC.* 

4128  Wilshire  Blvd..  Los  Angeles.  Calif. 

1  2  3  6  17 

• 

state 

SENTINEL  LABORATORIES  5 

1019  Appletree  St.  Philadelphia.  Pa. 

8  17-27 

• 

national 

SEROEX.  INC.*  10 

91  Cambridge  St.  Boston.  Mass. 

5  11 

national 

SHAW.  GEORGE  S.  10 

Box  1033.  St  Cloud,  Fla. 

• 

national 

SHAW.  S.  J.  10 

Empire  BMg..  Pittsburgh,  Pa. 

• 

• 

300  miles 

SHERMAN  INDUS..  ELECTRON. 

CO  INC 

503  Washin^on  Ave..  Belleville.  N.  J. 

2  20 

• 

100  miles 

SHEPARD.  JR..  F.  H.  17 

31  Union  Place,  Summit,  N.  J. 

17 

• 

1000  miles 

SHERRON  ELECTRONICS  CO.*  1-2  4  10  1  2  5  11- 

1201  Flushing  Ave.,  Brooklyn.  N.  Y.  12  17-25  12  .17-29 
26 

• 

• 

600  miles 

SICKLES,  WALTER  E.  Il  ASSOC.  4  25 
1030  Forbes  St,  Pittsburgh  19,  Pa. 

• 

500  miles 

SIEVERS.  GUS  5 

Route  1,  Box  182,  Mission,  Texas 

5 

• 

state 

SINGLETON  h  BARNARD 

1111  S.  W.  5th  Ave..  Portland.  Ore. 

20  29 

• 

national 

SMEBY,  LYNNE  C.  4 

820  13th  St..  N.  W.,  Washington.  D.  C. 

national 

J 

Communi-  Indue- 


Name  cation} 

triai  Design  Models 

Area 

1 

SMITH.  J.  C. 

117  E.  24th  St..  New  York.  N.  Y. 

2 

• 

.  ,  i 

national  1 

SMUCKLER  &  CO..  A.  F. 

New  York  10.  N.  Y. 

15 

1 

SOUTHERN  RES.  INST.*  • 

917  S.  20th  SL,  Birmingham,  Ala. 

15 

• 

national  ; 

i 

SOWTER,  G*  A.  V.  • 

18,  Bushey  Way,  Beckehnam,  Kent.  Eng. 

1 

• 

national 

SPAWN,  JR..  COY  U.* 

1209  Cleburne,  Houston,  Texas 

512-17  • 

• 

state 

SPECTRUM  ENGR..  INC.  1-17 

540  North  63rd  SL.  Philadelphia.  Pa. 

2  12  17 

26  23 

• 

national 

STACEY.  DAVID  8 

Box  26.  btes  Park.  Colo. 

8 

• 

state 

STAND.  ELEC.  RES.  CORP. 

X-RAY  ELEC.  CORP.) 

2  East  End  Ave.,  New  York,  N.  Y. 

51517 

• 

1000  miiM 

STAVID  ENGR..  INC.*  12 

40  Somerset  SL,  PlainheM,  N.  J. 

12 

• 

national 

STEEL.  LT.  COL.  W.  A.*  4-10 

4601  Maplewood  Ave.,  Montreal, 

Canada 

• 

national 

STEVENS.  HERBERT  V.*  15 

63  Edser  SL,  Buffalo.  N.  Y. 

15  • 

500  miles 

STEVENS-ARNOLO  CO  .  INC.*  10  24 

22  Elkina  SL,  S.  Boston.  Mass. 

17  21  25  • 

• 

national 

STERLING.  HOWARD  T.  5 

70  Morningside  Drive,  New  York,  N.  Y. 

5 

• 

national 

STILES.  WALTER  J.  4^10 

75  Federal  SL.  Boston,  Mass. 

national 

STINER.  H.  WRAY 

701  Investment  Bldg.,  Pittsburgh,  Pa. 

1  2  17  • 

400  milee 

STROBO  RESEARCH 

4351  N.  35th  SL.  Milwaukee.  W  is:. 

22  • 

• 

national 

SUFFIELD-VOSE 

9737  Redfem  Ave.,  Inglewood.  Calif. 

21-26  • 

500  miles 

TECHLIT  CONSULTANTS,  INC 

140  Nassau  SL.  New  York.  N.  Y. 

1 

500  milee 

TECHNITROL  ENGR.  CO..  INC 

3212  Market  SL,  Philadelphia.  Pa. 

1  2  5517  • 

• 

Middle 

Atlantic 

states 

TELEREGISTER  LABS. 

New  York.  N.  Y. 

15 

TELEVISION  ELECTRONICS  CO.*  10  25  26 
305  Techwood  Drive,  N.  W.,  Atlanta,  Ga. 

17  29  • 

300  milee 

TELETRONICS  LAB.  10 

352  Maple  Ave.  Westbury.  N.  Y. 

1-2  17 

• 

TEXAS  ELECTRONIC  ENTER-  15 

PRISES 

Box  1747,  Brownsville,  Texas 

15  • 

• 

inter¬ 

national 

THERMIONIC  ENGR.  CORP.  1-1517 

RL  23,  &  Blvd.,  Pompton  Plains.  N.  J. 

15  7  27  29 

• 

national 

TIFFANY  LABORATORIES*  8 

Midpines.  Calif. 

8 

• 

national 

TRANS-WORLD  ELECTRONICS 

CORP. 

475  5th  Ave.,  New  York.  N.  Y. 

1  17  29  • 

• 

state 

TRIPLETT  &  BARTON.  INC. 

821  Elwood  SL.  N.  Hollywood.  Calif. 

516  17  26 

• 

state 

TURNER.  RUFUS  P.  10 

Rt.  4,  New  Bedford,  Mass. 

5  17  • 

• 

national 

UEHLING,  F.* 

P.  0.  Box  716.  Passaic.  N.  J. 

1-2  3  517  • 

• 

national 

UNIVERSAL  ENGINEERING  CO. 

222  W.  Water  SL.  Sandusky.  Ohio 

1-17  26  • 

• 

state 

UNIVERSAL  RESEARCH  LAB.  4-10-11 

1  Nob  Hill  Circle,  San  Francisco.  Calif. 

-25 

500  miles 
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U.  S.  RESEARCH  A  DEVELOP. 
CORP.* 

S1B1  W.  V»Art<imon  BM..  Lot 
AnfHM,  Calif. 

28 

• 

atato 

U.  S.  TESTING  CO. 

1418  Park  Ava.,  Hobokan,  N.  J. 

8-11^28- 

27-22^30 

iwthMial 

V-D  INSTRUMENT  LABORATORY 
428  W.  Whitmora  SL.  WHImar.  Calif. 

5 

• 

atate 

VAN  WART,  ROBERT 

KWiwO  IW*t  1  NOfUwOOOa  Ra  Ta 

20-27-29 

atato 

VINCENT.  ANDREW  M. 

300  W.  Hifli  Tar.,  Rachaater,  N.  Y. 

2-10 

• 

• 

50  milaa 

VOSS  ENQINEERINQ  SERVICE 

182  E.  IMi  St.  Broaklyn,  N.  Y. 

4-28-30 

• 

• 

50  milaa 

WALES  LABORATORIES* 

8  Whifiaany'Rd.,  Marriatown,  N.  J. 

6-8-18- 

17-21 

• 

national 

WALKUP,  J.  F. 

Ovarland  Park,  Kanaaa 

12-17 

• 

national 

WALTON.  H.  T. 

113  E.  14tli  SL,  Big  Spring,  Taxaa 

• 

• 

• 

• 

atate 

WALUK.  PETER  P. 

Parcal  Poal  Sla.,  Bax  47.  Wareaatar, 

Maw 

4 

• 

• 

atate 

WARREN,  C.  L.* 

Eaay  Siraat  Canaan,  Maine 

10 

• 

state 

WARRICK.  F. 

8806  Grandville.  Oatieit.  Mich. 

2 

• 

• 

150  miles 

WASH.  U.  RES.  FOUNDATION. 

APP.  MATH.  DEPT.* 

7443  Cromwell  Or.,  Clayton,  Mo. 

17 

• 

national 

WEISS.  IRVING* 

26  Comaliaon  Ava.,  Jersey  City,  N.  J. 

1-2-4^5 

• 

• 

national 

WELDON  A  CARR 

1605  Conn.  Ave..  Waahington,  D.  C. 

4-10 

12 

• 

inter¬ 

national 

WELLINGTON.  H. 

2178  N.  57th  SL.  Milwaukao,  Wiae. 

1 

• 

state 

WELLS  W  * 

307  E.  44th  SL,  Now  York,  N.  Y. 

6-25-26 

8-16-27-30  • 

• 

national 

Coimmifii-  Indw- 

cationt  IrW  OMian  Mo<M«  Atm 


WELTRONIC  CO. 

Detroit,  MM. 

17 

• 

state 

WESTERN  ELECTRIC  A  BELL  • 

TEL.  LAB. 

47  SL  Marks  PI.,  Brooklyn,  N.  Y. 

15 

• 

• 

national 

WHEELER  LABORATORIES.  INC.  5-10^12- 
259  Northern  Blvd..  Great  Neck.  N.  Y.  18-19-26 

5-10-12- 

1H9^26 

• 

• 

national 

WHIPPLE  A  CO.*  5-12 

114  Libarty  SL.  New  York.  N.  Y. 

1-2-3 

• 

• 

national 

WIEOEMAN.  GUSTAVE* 

122  E.  22nd  SL.Room  1403.  Now  York. 

N.  Y. 

5 

• 

state 

WILKINSON.  JOHN  K.  4 

3906  let  SL.  S.  E.,  Wbahington.  D.  C. 

• 

state 

WILLIAMS.  NATHAN  4-10 

20  Algoma  Mvd..  Oabkosh.  Wise. 

11 

• 

national 

WILLIAMSON.  PAUL* 

5201  Danneel  SL.  New  Orleans.  La. 

1-9-26 

• 

national 

WILMOTTE.  INC..  RAYMOND  M.*  4^16^11 
236  W.  SSth  St..  New  York.  N.  Y.  and 

Church  SL.  N.  W.,  Washington.D.  C. 

17 

• 

• 

rational 

WISE.  INC..  ROGER  M.*  15 

65  Ongley  St..  Rockville  Center.  N.  Y. 

15 

• 

• 

inter¬ 

national 

WRIGHT,  R.  E. 

1623  5th  Ave..  San  Diego,  Calif. 

17-21-30 

• 

national 

WYSE  LABORATORIES* 

211  S.  Ludlow  SL,  Dayton,  Ohio 

1-2-5 

• 

national 

YARDENY  LAB.  CO..  INC.* 

106  Chambers  SL,  New  York,  N.  Y. 

15-17 

• 

national 

ZENIER.  HOWARD  AND  • 

ASSOCIATES 

617  Main  SL,  Lewiston,  Idaho 

1 

• 

500  miles 

ZENOR.  H.  M. 

Box  7415,  Houston,  Texas 

5-9 

• 

national 

ZOTTU,  PAUL  D.* 

95  Country  Club  RiL  Newton  Center, 

Mass. 

29 

• 

• 

national 

This  list  of  consulting  engineers  is  an  expansion  of  the  first 
list  published  last  year,  made  possible  by  the  cooperation  of 
readers  who  pointed  out  several  omissions.  We  believe  it  to  be 
complete  and  accurate,  considering  the  complex  field  it  covers. 
Any  omissions  or  errors  should  be  reported  to  us,  to  assist  in 
compiling  the  list  for  next  year's  Buyers  Guide. — The  Editors. 
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NEW  Mni-COMN>  HItH  VOITABE  TUB1 
OPEIAnS  IN  OPEN  TO  n  MILE  AimODE: 


P  ' 
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AMPEREX  RESEARCH  TACKLED 
LONB  PRESSING  PROBLEM 

AND  CAME  THROUGH 

As  M  planes  and  suided  missiles  speed 
throufb  diverse  pressure  and  temperature 
chanfes  into  the  thin  air  twelve  miles  above 
sea  level,  conventional  high  voltage  tube  per¬ 
formance  drops  far  below  minimum  stand¬ 
ards  and  becomes  extremely  erratic. 

The  importance  of  the  problem  can  be 
seen  in  the  fact  that  the  dielectric  strength 
of  air  at  such  altitudes  permits  standard 
tube  designs  to  operate  at  less  than  one- 
fifth  of  their  ratings. 

Two  years  ago  Amperex  research  teams 
tackled  the  problem  of  designing  tubes  that 
would,  insure  sea-level  performance,  and  the 
associated  problem  of  developing  the  manu¬ 
facturing  techniques  that  would  put  them 
on  a  pr^uction  basis. 

The  “specs”  called  for  tubes  to  operate 
At  full  rating  ti»  the  open  at  altitudes  up  to 
00,000  feet  where  the  barometer  drops  to 
the  troposphere’s  2*  of  mercury  and  the 
thermometer  sinks  to  — 55*C. 

Not  only  would  the  tubes  have  to  stand 
temperatures  between  the  upper  air’s — 55*C. 
and  4*250*0.  but  would  have  to  stand  up 
under  a  rate  of  change  as  high  as  1*0. 
per  second. 

New  standards  of  mechanical  ruggedness 
were  called  for  by  hitherto  unmet  stresses 
of  shock  and  vibration  imposed  by  the  tre¬ 
mendous  rates  of  jet  and  rocket  accelera¬ 
tion.  Inevitable  moisture  and  ice  formation 
presented  formidable  haxards.  Cosmic  ray 
showers  and  other  particles  were  additional 
challenges. 

The  first  theoretical  survey  two  years  ago 
made  it  apparent  that  only  a  radically  dif¬ 
ferent  approach  could  be  successful.  Amperex 
is  proud  to  announce  that  all  research  and 
design  problems  have  been  surmounted  and 
that  the  new  tube  cdknbinations,  after  pro¬ 
longed  and  rigffoua  testing,  are  now  in 
production. 
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HAR-S  U  Mly  4%'  iMi  and  2"  la  dfam- 
atar.  Of  tha  fatal  tuba  laufth  aparaxiaiataly 
3V»“  pratnidai  abava  tha  tap  plaaa  at  tha 
aockat.  Aa  aaittlap  eaavaatiaaal  -typa  tuba 
haviai  appraxiaiataly  tha  aaaia  alactrital 
ratini — but  at  taa  laval  eaaditlaaa  anl)^ 
it  evar  S'*  lant  aad  It  2-5/ Id*  ia  diaaiattr. 


AMPEREX  RECTIFIER  HAR-3  GIVES 
IN  OPEN  AT  ALL  PRESSURE,  DUST, 
EXTREMES  TO  60,000  FOOT  ALTimDE 

Challenging  implications  of  the  new  Am¬ 
perex  application  to  equipment  designers 
and  engineers  confronted  with  the  necessity 
for  utmost  safety  and  feliability  under  ex¬ 
treme  conditions  of  pressure,  dust,  cosmic 
ray  bombardment,  icing  and  temperature 
are  illustrated  in  the  Amperex  HAR-3  now 
in  production. 

Characteristics  apply  to  operation  in  the 
open  at  any  altitude  from  sea  level  to  60,000 
feet  and  to  any  rate  of  change  in  altitude. 

The  tube,  a  high  vacuum,  half-wave  rec¬ 
tifier  rated  at  14,000  volts  peak  inverse,  is 
fully  able  to  handle  voltages  as  high  as 
35,000  peak. 

Average  plate  current  delivery  is  125  ma. 
Tube  vdtage  drop  at  100  ma.  is  200  volts. 


UNVARYING  SEA-LEVEL  PERFORMANCE 
RADIATION,  ICING  AND  TEMPERATURE 

The  molybdenum  anode,  coated  with  xir- 
conium  to  provide  substantial  and  continu¬ 
ous  additional  gettering,  dissipates  an  aver¬ 
age  of  75  watts.  The  “hard”  glass  envelope 
is  able  to  operate  continuously  at  204*C. 

In  excess  of  2.0  amperes  of  useful  peak 
emission  is  supplied  by  the  tboriated  tung¬ 
sten  filament  when  pulsed  at  4.000  volts 
peak.  It  is  rated  at  5.0  volts  and  10.0  amps. 

Dimensions  and  other  information  are 
given  under  the  photograph. 


•‘SEALED”  CONSTRUCTION  SHS 
NEW  STANDARDS  FOR  ALL 
EXTREME  CONDinOI 

Problems  presented  by  reliable  and  e 
cient  operation  of  high  voltage  tubes  in  t 
open  at  full  rating  under  extreme  c<>i. 
tions  of  pressure,  temperature  and 
have  been  solved  by  a  new  Am^rex 
opment.  Tubes  incorporating  tne  develi 
inent  are  already  in.  production. 

Cumbersome  containers,  pressuri? 
housing,  oil  baths  and  other  devices  wbi 
added  heavily  to  weight,  size,  cost  and  ( 
erating  complication  are  now  eliininat 
Tube  replacement,  often  a  major  operuti 
under  old  conditions,  is  now  simple  4i 
speedy. 

Basic  to  the  advance  is  the  concept: 
of  an  all-in-one  tube  and  socket  com)>i' 
tion  and  the  use  of  the  combination  as 
single  operating  unit  with  the  complete  ( 
elusion  of  air.  This,  for  the  first  time 
practical  fashion,  eliminates  the  unoat  ta 
tics  of  air  as  a  dielectric  and  suhetitutes  i 
advantage  of  solid  dielectrics.  The  units  ■. 
thus  totally  independent  of  outside  influoia 
which  caused  previous  open  designs  to  ft 

After  the  theoretical  solution  of  the  n>:i 
problems  involved  and  the  making  of  s>  >. 
of  one-at-a-time  prototypes  for  thoru: 
testing,  several  novel  manufacturing  tt- 
niques  were  developed  to  place  the  n 
tube  units  on  a  production  oasis  to  in- 
extremely  reasonable  costs  and  fast  delive 
These  shop  practices  are  a  natural  u 
growth  of  a  quarter  century  of  Ampe 
experience  in  electronic  tube  manufact 
and  the  manipulation  of  materials  to  cl 
tolerances. 

IMMEDIATE  USE  SEEN 
IN  INDUSTRIAL  FIELDS 

Industrial  equipment  designers  and  ma 
faeturers  are  expressing  “down-to-eartb”, 
terest  in  the  new  Amperex  applicat 
developed  for  use  at  high  altitudes.  | 

Most  frequently  asked  question  is :  •  ! 
about  the  general  run  of  ‘standard’  i 
types?  Can  they  be  produced  with  the 
vantages  of  this  development?” 

The  answer  is  “Yes !” 

And  it  is  being  done.  The  developm 
can  be  applied  to  the  major  number  of 
340  Amperex  tubes  now  made  and  c; 
logued.  Included  are  practically  all  wan 
industrial  types. 

Many  sea-level  conditions  such  as 
moisture,  temperature  and  pressure 
full,  safe  and  eflScient  tube  operation.  '1 
shorten  tube  life  and  increase  operai 
costs.  The  new  Am^rex  application  wl 
makes  the  tube  unit  entirely  indepen  ' 
of  all  significant  external  atmospheric 
pressure  conditions  fills  a  broad  need  i 
furnishes  the  answer  to  many  problems  1 
ing  designing  engineers.  Inquiries  on  so 
fic  problems  are  solicited. 


RtAvvmyou: 

General  technical  bulletin.on  this 
new  Amperex  advance,  technical 
ratine  and  data  sheets  or  individ¬ 
ually  prepared  reports  on  specific 
industrial  sea-level  applications. 
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V-2  ELECTRONIC  CONTROL . . Cover 

Servo-amplifier  unit  controls  300-lb  nose  section  of  giant  rocket,  orienting  it  in  ozimuth  and  elevating  ultra-violet 
spectrograph  so  that  missile  always  points  toward  the  sun  (U.  S.  Navy  photos) 
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